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ACANTHOCEPHALA FROM CHINA. 
I. NEW SPECIES AND NEW GENERA FROM CHINESE FISHES'. 


By H. J. VAN CLEAVE. 
(University of Illinois, Urbana, Illinois.) 
(With 9 Text-figures.) 


In 1916, the writer (Van Cleave, 1916) called attention to the fact that lack 
of published records should not be taken as an indication of scarcity of 
Acanthocephalans in the Chinese fauna. A single species of Centrorhynchus 
has been described from a magpie, and Faust (1921 a) has recorded the species 
common in the hog. As yet, apart from these two specific identifications, the 
acanthocephalan fauna of China has remained unknown. 

My former colleague, Dr E. C. Faust of the Peking Union Medical College, 
very generously placed at my disposal the Acanthocephala obtained in the 
course of his extensive parasite surveys. The present paper is the first of a 
series dealing with species, from different groups of hosts, contained in the 
Faust Collections. This initial study is restricted to species parasitising fishes. 
From the fish hosts there are excellently preserved specimens representing 
four previously undescribed species. Three of these new species are so distinct 
from the known forms that a new genus has been erected for each of the 
three. The fourth species belongs to the genus Rhadinorhynchus. Throughout 
this paper host identifications are quoted directly from records provided by ~ 
Dr Faust. 


Pallisentis n.gen. 

Diagnosis. Acanthocephala parasitic as adults in fishes. Body bearing a 
collar of spines arranged in 6 to 9 closely set rings near anterior extremity. 
Posterior to this collar or mantle is a non-spined region followed by 20 to 
40 widely spaced rings of spines encircling the body. Posterior extremity of 
body devoid of spines. Proboscis short, cylindrical to globular, armed with 
four circles of hooks, each composed of six hooks. Proboscis receptacle 
cylindrical, its wall containing a single layer of muscle, in length reaching 
posteriorly beyond the region where the second series of body spines begins. 
Brain a conical mass near base of proboscis receptacle. Lemnisci long, slender, 
cylindrical. Genital organs of male in posterior half of body cavity. Testes 
long, cylindrical, contiguous, followed immediately posteriorly by a long 
cylindrical cement gland of syncitial nature bearing about 16 giant nuclei. 


1 Contributions from the Zoological Laboratory of the University of Illinois, No. 304. 
Parasitology xx I 


| 

| 

¢ 

| > 
\ 
\ 


2 Acanthocephala from China 


Type species: Pallisentis umbellatus n.sp. 

As an additional species which should be ascribed to this genus, Echino- 
rhynchus gaboes G. A. MacCallum (1918) should be mentioned. The species 
is so inadequately described that specific characters are wanting. However, 
information given in the original description precludes the possibility of its 
being identical with P. wmbellatus. P. gaboes is from a fish collected in Borneo. 


Pallisentis umbellatus n.sp. 


Description. With the characters of the genus Pallisentis as outlined 
above. Body (in all specimens examined) with a distinct ventral flexure of 
the posterior region frequently resulting in throwing the body into a loop. 
Length about 6 to 10 mm. Body cylindrical with a diameter of about 0-3 mm. 
for a distance of 0-5 mm. behind the neck. This anterior cylindrical region 
is followed immediately by a fairly conspicuous sudden increase in diameter 
to about 0-6 mm. Anterior cylindrical region bearing a closely set mantle of 
spines usually arranged as 9 circles, each spine approximately 18, long, set 
in a small cuticular elevation. Spines in the same circle about 35 apart, 
with 35 between adjacent circles. Spines in the second series, on the en- 
larged part of the body, about 24 long, arranged in 20 to 40 circles. Not 
mathematically disposed on this part of the body but near the anterior part 
of this region about 80, between the spines in the same circle while adjacent 
circles are 88. apart. Circles become wider separated in attenuated posterior 
region. One gravid female was observed in which the spines of the anterior 
mantle were 35 long while those on the enlarged part of the body in some 
instances measured 59. As described by Ortlepp (1924, p. 35) for Quadrigyrus 
torquatus, some of the older individuals have an addition of small platelets 
about the bases of the body spines. . 

Proboscis subglobular, about 0-2 mm. in diameter, covered with four circles 
of six hooks each, those in adjacent circles alternating. In specimens examined, 
there was no instance of variation from this hook formula. Terminal hooks 
very heavy, 89-119, long; hooks in second circle, 83-100; in third circle, 
53-65; in basal circle, 35-41. This species seems to provide one of the 
rare instances wherein hook size varies with body size, for in a few very small 
individuals hooks considerably smaller than the measurements given above 
were observed. 

Proboscis receptacle in fully extended specimens reaching only slightly 
beyond first series of body spines and occasionally beyond the first few circles 
of the second series. Receptacle sac-like with slight oblique truncation of 
posterior ventral region in vicinity of basal region of brain. Wall composed 
of a single muscular layer. 

Two long, cylindrical testes with broad line of contact between them; 
followed immediately by a very long, cylindrical cement gland of syncitial 
nature. Cement gland so dense as to obscure finer details of internal structure 
but showing a few (16?) large nuclei distributed through its length. 
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The only fully mature female (the holotype) was taken at Wuchang 
7. vii. 1921. Embryos within gravid female 76-88, long with a diameter of 
24-30; bearing a slight papilliform elongation of the middle membrane at 
each pole. 

Types. Holotype, female (Van Cleave No. 2067. 2) in Collection of Peking 
Union Medical College. Paratypes in same collection and in Collection of 
H. J. Van Cleave at Urbana, Illinois. 


Figs. 1-3. Pallisentis umbellatus n.gen., n.sp. 
The scale beside each figure denotes 0-1 mm. 


Fig. 1. Immature female from Siniperca sp.? at Wuchang, China, 10. vii. 1921. 
Showing arrangement of body spines and proboscis hooks. 

Fig. 2. Immature female from Cobitis decemcirrosus at Peking, 21. i. 1921. 

Fig. 3. Details of proboscis hooks from same individual as shown in Fig. 2. 


Hosts. Type host, Ophiocephalus argus from Wuchang, China. Additional 
hosts: Siniperca sp.? and S. chua-tsi at Wuchang; Cobitus decemcirrosus at 
Peking; and Parasilurus assotus at Wuchang. 

This species occurred in company with no other Acanthocephalans except 
in the instance of its appearance with Hebesoma violentum in the intestine of 
Siniperca sp. at Wuchang. At Chang-sha, the host Siniperca chua-tsi carried 
fairly heavy infections by Hebesoma violentum but specimens of Pallisentis 
were lacking. 
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Neosentis n.gen. 


Diagnosis. Acanthocephala parasitic as adults in fishes. Body slightly 
swollen in anterior third, remainder practically cylindrical. Proboscis short, 
globular, as in Neoechinorhynchus; bearing four circles of eight hooks each. 
Body spines very minute and inconspicuous, arranged in five or six complete 
circles near the anterior extremity with six to eight complete circles further 
back and scattered spines extending posteriorly over the anterior third of the 
body. Proboscis receptacle large, sacculate, with a single conspicuous muscular 
layer for its wall. Receptacle not extending posteriorly beyond the anterior 
series of body spines. Brain at posterior extremity of proboscis receptacle. 
Lemnisci very long, slender, cylindrical, in male reaching to anterior testis. 
In male the reproductive organs occupy the posterior three-fourths of the 
body cavity. Cement gland long, cylindrical, a syncitial mass containing a 
few nuclei (162). 

Type species: Neosentis celatus n.sp. 

Though this genus seems to be rather closely related to the genus Palli- 
sentis, there are many significant points of difference in regard to the body 
spines, the form of the proboscis and of its hooks, and the nature of the 
receptacle of the proboscis. 


Neosentis celatus n.sp. 


Description. With the characters of the genus Neosentis as enumerated 
above. Females attain a length of 17 mm. and a maximum diameter of 
1-7 mm.; the body gradually tapering from an enlarged anterior extremity 
toward the posterior tip where, in a full-grown female, it has a diameter of 
only about 055mm. Males usually about 10mm. long and 0-85 mm. in 
maximum diameter, with body form essentially as in female. Near the 
anterior extremity the body is encircled by five or six rings of minute spines, 
detected only with closest observation. Each spine about 12 long. This 
spined area (about 0-5 mm. long in a full-grown female) is followed by an 
area about 0-4 mm. in extent devoid of spines. Extending posteriorly from this 
bare area there is a series of about ten circles of inconspicuous spines about 
18, each in length. Proboscis short, globular, bearing four circles of eight 
hooks each. Hooks in terminal circle 53-59 long; in second circle, 53-59 y; 
those of the third circle 35-41 y; in basal circle 30-35 py. 

Proboscis receptacle short, sac-like, with a single muscular wall; bearing 
brain at posterior extremity. Lemnisci long, cylindrical, extending in male 
posteriorly through the body cavity to the anterior testis. Male organs occupy 
at least the posterior three-fourths of the body cavity. Testes contiguous, 
cement gland a long cylindrical mass of syncitial tissue containing about 
16 large nuclei. Embryos 53-77 in length by 20-27 in diameter. The 
smaller embryos are apparently due to the incomplete formation of the outer 
embryonic shell in many of the females carrying what seem to be mature 
embryos. 
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Types. Holotype, female (Van Cleave, No. 1407. 3) in Collection of the 
Peking Union Medical College. Paratypes in same collection and in Collection 
of H. J. Van Cleave at Urbana, Illinois. 

Hosts. Type host, Monopterus javanensis at Peking (type locality), at 
Wuchang, and at Changsha; Anguilla pekinensis at Peking; Parasilurus assotis 
at Peking. 

This species was never found associated with any other acanthocephalan 
in the same host individual. 


AY 


Figs. 4-5. Neosentis celatus n.gen., n.sp. 
The scale beside both figures denotes 0-1 mm. 


Fig. 4. Proboscis and its relation to the body and to the receptacle in holotype female. 
Body spines are omitted from the drawing. From Monopterus javanensis at Peking. 

Fig. 5. Proboscis and anterior body region in outline. Body spines omitted. From 
Anguilla pekinensis at Peking. 


Hebesoma n.gen. 


Diagnosis. Small, robust Acanthocephala living as adults in the digestive 
tract of fishes. Body proper devoid of spines. Region immediately posterior 
to proboscis usually recognisable as a neck of much smaller diameter than 
remainder of body. Proboscis globular, carrying three circles of six hooks 
each. Receptacle of proboscis an inflated sac whose wall consists of a single 
muscular layer. Brain located at posterior extremity of receptacle. Lemnisci 
long, slender, cylindrical, usually reaching posteriorly at least to the anterior 
testis. Male reproductive organs occupy about five-sixths of body cavity; 
testes large, elliptical, contiguous. Cement gland a syncitial mass immediately 
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posterior to hind testis, approximately spherical in form, containing a few 
(about 16) large nuclei. 

Type species: Hebesoma violentum n.sp. 

Members of this genus are the shortest and most robust of the forms that 
have been recorded from fishes. The relationships of the genus will be dis- 
cussed in a later paragraph. 


Figs. 6-8. Hebesoma violentum n.gen., n.sp. 


Fig. 6. Anterior region of a young female illustrating the manner in which the proboscis becomes 
violently torn from its attachment and retracted within the body cavity. 

Fig. 7. Proboscis of holotype female from Siniperca at Wuchang. 

Fig. 8. Posterior extremity of a mature female showing copulatory cap in position over genital 


opening. 
Hebesoma violentum n.sp. 


Description. Body approximately spindle-shapéd with greatest diameter 
near middle, neck considerably smaller in diameter than remainder of body. 
Fully grown males 3-5 mm. long and 1:3 mm. in maximum diameter. Largest 
females 5 mm. long with maximum diameter of 2mm. Body wall relatively 
thick, its surface unadorned by body spines. Musculature very heavily de- 
veloped. Proboscis not only capable of inversion into the receptacle but 
proboscis and anterior region of the body very frequently retracted without 
inversion into anterior part of body cavity. This retraction takes place with 
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such violence that numerous instances were observed wherein the proboscis 
had been entirely torn loose from its attachment to the body and stood 
detached within the body cavity retaining connection only through the 
musculature. Hooks in form closely resembling those of Neoechinorhynchus, 
arranged in three circles of six hooks each. Hooks of terminal circle 89-94 
(occasionally 100) long, strongly reflexed, with conspicuous broad root; in 
second circle, weak, 35 long, without prominent root; in basal circle, 24-304 
long, thorn-like. Proboscis receptacle a short cylindrical sac, with rounded 
posterior extremity, its wall composed of a single layer of muscle. Lemnisci, 
slender, cylindrical, reaching at least to anterior testis. Testes large, ovoid, 
joined together by a broad line of contact. Large ovoid cement gland but 
slightly longer than broad, recessed into hind margin of posterior testis. No 
division of cement gland into separate glands or follicles. Entire gland a 
syncitial mass containing about 16 large nuclei. Embryos with globular polar 
enlargements of the middle membrane, entire embryo about 30-41 long 
and usually about 6 in diameter. : 

Types. Holotype, female (Van Cleave, No. 2074. 27) in Collection of 
Peking Union Medical College. Paratypes in same collection and in Collection 
of H. J. Van Cleave at Urbana, Illinois. 

Hosts. Type host, Siniperca chua-tsi, at Wuchang (type locality) and at 
Changsha. Also found in Cottus gobio, at Shaohsing. 

In the collections from Wuchang, Hebesoma violentum occurred in two of 
the same host individuals of Siniperca which harboured the species Pallisentis 
umbellatus. Females bearing mature embryos were abundant in the collections 
from Siniperca at Wuchang in July, 1921, and some mature embryos were 
likewise present in the parasites from Cottus at Shaohsing taken in February, 
1923. 

Genus Rhadinorhynchus. 

The genus Rhadinorhynchus is very widely distributed as a group of 
species characteristically parasitic in marine fishes. Several species have 
been described. In the collections submitted to the writer by Dr Faust, 
there are representatives of an undescribed species of this genus to which the 
name Rhadinorhynchus exilis is assigned. 


Rhadinorhynchus exilis n.sp. 

Description. Body of type female (Van Cleave, No. 1409. 4) about 12 mm. 
long, slightly fusiform, about 0-96 mm. in greatest diameter. Proboscis 
2-5 mm. long, subcylindrical, with slight enlargement near middle 0-18 mm. 
in diameter; armed with 12 longitudinal rows of about 32 hooks each. Hooks 
on ventral surface conspicuously larger than those on dorsal surface and more 
strongly recurved. Hooks near base thorn-like, 41 4 on ventral, 24 on dorsal; 
at one-third the distance from the base, ventral hooks 59, dorsal 41; at 
middle of proboscis, ventral hooks 71, dorsal 41; on anterior third of 
proboscis, ventral hooks 59, dorsal 41. Body spines confined to anterior 
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region, minute, inconspicuous, only about 12-18, in length. Embryos within 
body cavity of gravid female 53-59 long with diameter of 12p. 

Types. Holotype, female (Van Cleave, No. 1409.4) deposited in the 
Collection of the Peking Union Medical College. Paratypes in the same 
collection and in Collection of H. J. Van Cleave at Urbana, Illinois. 

Type host. Cyprinus carassius at Peking. Four females from this host 
served as the basis for the above description. 


Acanthocephala from China 


0-5 mm. 


Fig. 9. Rhadinorhyncus exilis n.sp. Proboscis and anterior extremity of body 
of holotype female from Cyprinus carassius at Peking. 


It is not surprising that materials from a wholly unexplored faunal region 
should provide forms diverging widely from the generic and supergeneric 
concepts familiar to European and American investigators. In attempting 
to establish the family relationships of the three new genera from Chinese 
fishes, the writer has been confronted continuously with the fact that no one 
of the three new genera may be accepted into the ranks of any previously 
recognised family. In consequence, two new families are herewith erected 
to reflect the relationships of these genera. 


PALLISENTIDAE n.fam. 


Acanthocephala of fishes. Anterior region of body adorned with encircling 
rings of minute spines arranged in two more or less distinct series. Cement 
gland of male a single elongate syncitial mass. Proboscides short. Lemnisci 
long, cylindrical. Receptacle of proboscis composed of a single muscular layer. 
Brain at or near posterior extremity of the proboscis receptacle. This family 
is erected to include as type the genus Pallisentis Van Cleave and to contain 
the additional genus Neosentis Van Cleave. 

This family has its nearest relationship with the family Quadrigyridae. 
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HEBESOMIDAE n.fam. 


Acanthocephala of fishes. Body devoid of spines. Proboscis globular. 
Lemnisci long, slender, cylindrical. Receptacle of proboscis composed of a 
single muscular layer. Brain at posterior extremity of receptacle. Cement 
gland of male a single compact syncitial mass. Subcuticular nuclei not 
conspicuous giant nuclei as in the Neoechinorhynchidae. This new family is 
erected to include the single genus Hebesoma Van Cleave. 

In the Neoechinorhynchidae, this new family seems to have the closest 
relationships. 
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MATERIAL AND METHODS OF EXAMINATION. 


Material. The Heteromita species which forms the subject of this paper 
was found in a boiled hay infusion exposed to the air in Cambridge in the 
winter of 1925. Another strain of the same species was obtained from macerating 
tank material from University College Hospital Medical School, London, in 
January 1926, the organism appearing in large numbers on adding sterile hay 
to the material. 

Isolation and culture. The Cambridge strain was isolated in three cultures, 
each derived from a single protozoan by Barber’s well-known pipette method. 
The U.C. Hospital strain was purified from other Protozoa by subculture only 
and represented a mass culture. All the strains were cultivated in Peters’ 
ammonium glycerophosphate medium used either in tubes or poured over 
plates of 1 per cent. water agar. Another very useful method is to add 1 part 
of alkaline egg fluid to 5 parts of Peters’ medium, incorporate 2 c.c. of this 
in about 8 c.c. of the water agar when the plate is poured. The surface of 
the plate is flooded with the ordinary Peters’ medium to the depth of about 
one quarter to half an inch. It is very important that the plate should be 
actually flooded and not merely moist. The bacteria are allowed to grow and 
serve as the food of the Heteromita. 

Examination. The living Heteromita were studied in hanging-drop prepara- 
tions sealed with melted paraffin wax. The organisms lived well under these 
conditions. A Zeiss water-immersion lens with a six or eight compensating 
eyepiece gave a very satisfactory means of observation in spite of the relatively 
small size of the organism. A powerful light brought through a rectangular 
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cell filled with distilled water tinted green with light green and picric acid 
gave an illumination that was serviceable and caused relatively little apparent 
damage to the organism. It is well to keep the diaphragm as retracted as is 
possible during prolonged observations to reduce the effect of the light on 
the flagellates. 

Heteromita is an excellent object for observations made during life and 
advantage was taken of this circumstance whenever possible. A considerable 
amount of detail can be seen in the living animals, particularly when they 
swim along the under surface of the coverslip. Movement is active but 
usually not so rapid as to make observation unduly difficult. 


Fixed and stained preparations. Films were made by floating coverslips on the fluid 
flooding the plates or by letting them rest on the agar by tilting the plate so as to leave 
a portion of the agar uncovered. The coverslips were then dropped face downwards in the 
usual way upon a large watch-glass filled with the fixative. A number of fixatives were 
tried. Bouin’s fluid and various platinum chloride and chromic osmic methods were found 
to give less lifelike results than the corrosive alcohol type of fixative. Schaudinn’s fluid, 
warm or cold, was much used and found most suitable. 

In staining the films, Kofoid’s alcoholic iron alum haematein stain very slightly modified 
gave good results; the aqueous method of Heidenhain was also valuable, but the best of 
these were never quite so good as the best of the alcoholic method. Haemalum was found 
to be a useful stain used diluted with distilled water, time and dilution being adjusted so 
as to make it a purely progressive stain requiring no differentiation. Mann’s methyl blue 
eosin was also of value used according to the short method. 

Feulgen’s nucleal reagent proved successful and interesting; this method must be used 
with the greatest vigilance in regard to the state of the reagents. It is carried through 
quite mechanically once the very important adjustment of the time during which the 
reagents are allowed to act has been found. A counterstain of faint light green and picric 
acid in 90 per cent. alcohol is useful; an aqueous eosin may also be used and gives good 
results, but the light should be brought through a green Wratten filter when observations 
are made on material thus counterstained. 

The description of the nucleal reaction is given in full in Feulgen and Rosenbeck’s paper 
and also in an earlier paper on “7'rypanosoma and Bodo” (Robertson, 1927). 


OBSERVATIONS ON LIVING HeTEROMIT A. 

I shall deal in the first place with the data to be obtained from the study 
of the living organism and then pass to the consideration of the fixed and 
stained material. 

Heteromita is an oval or pear-shaped biflagellate. It is somewhat amoeboid, 
and short pseudopodia may be put out at any part of the body. The posterior 
end may attach itself to the substratum and the animal comes to rest and, 
without discarding the flagella, may adopt a more or less amoeboid character 
for a short period. This never lasts very long; the swimming is resumed and 
the attached posterior end may often be drawn out into a relatively long 
pseudopodium; finally it gets pulled free from the substratum and the compact 
oval character is re-established. The outer boundary of the body, in spite of 
the amoeboid movement and the production of pseudopodia, appears to have 
a definitely tough consistency. 
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The flagella are uneven in length. The shorter one is directed forwards 
and lashes regularly with an oar-like movement; it is about one-third to two- 
thirds of the body length. The long flagellum, which is about one and a quarter 
to one and three quarter times the body length, is dragged quite passively 
behind in the usual method of swimming, but the animal can lash it forward 
or in any direction at times; it is not attached to the body except at its 
insertion. The two flagella arise close together at the anterior, which is also 
the broader, end of the creature. Under very favourable illumination and in 
a suitably placed and quiescent individual the basal granules at the origin of 
the flagella can sometimes be made out; at times they are placed at the very 
surface of the body wall. 

The flagella are never discarded during the amoeboid phase, they are only 
dispensed with when the creature rounds itself off immediately before encysta- 
tion. This observation is not in accord with that of Wenyon (1926), who 
considers that Heteromita unciata has an amoeboid aflagellate stage. I have 
worked with mass cultures and cultures derived from single individuals and 
have closely watched the general cultures and the hanging-drop preparations 
over a period of two years without observing these types in the species 
(probably Heteromita globosa) with which I have worked. 

The nucleus is clearly visible during life. It is situated at or towards the 
anterior end of the body but may sometimes be placed centrally. It appears 
as a bright vesicle containing a relatively large and softly refractile body, the 
karyosome; the edge of the karyosome is clearly defined, the outer edge of 
the whole nuclear vesicle is also well defined but not always equally so. The 
karyosome appears slightly greyish and semi-opaque like the protoplasm of 
the body; the area between the karyosome and the edge of the vesicle is 
hyaline and bright. The cytoplasm contains various inclusions, highly 
refractile granules that appear to be reserve food material and ingested 
bacteria in various stages of digestion. There is a contractile vacuole. Food 
is ingested by means of pseudopodia which are short and usually rounded in 
type; these ingestion pseudopodia may be formed at any part of the body 
but are most usually seen at the anterior end. 

There is a very distinct antero-posterior orientation of the flagellate in 
spite of the more or less amoeboid behaviour of the body. This was very 
clearly shown in material in which the chief source of food consisted in a long 
Leptothrix. It was a newly excysted culture and the Heteromita began to feed, 
ingesting the long rods which were often as long or longer than the body of 
the flagellate. Sometimes the rod was taken up so as to lie at right angles to 
the animal’s normal long axis, causing thereby a distortion of the shape of the 
body; nevertheless, when the animal began to swim it did so according to the 
anterior orientation of the nucleus, progressing therefore broadside on. The 
body did not slide round the ingested rod as one would have expected from the 
somewhat metabolic character of the movements. 
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Division. 

Division can be well observed in the living creatures. It takes place so 
readily and frequently in hanging-drop preparations that it can be studied 
repeatedly. It is a rapid process, taking only from 10 to 15 minutes to run 
through the whole series of stages to the final separation of the protoplasm 
of the daughter individuals. The process is carried through with what can 
only be described as a certain decision and despatch of action. 

The earliest stage can be recognised after a little practice. The flagellate 
assumes an almost exactly spherical shape; there is a recognisable alteration 
in the refraction of the protoplasm; it becomes more translucent, while the 
granules stand out somewhat more sharply than in the ordinary forms; there 
is also some indication of streaming movements in the protoplasm. 

The clear bright outline of the nuclear vesicle disappears and the karyosome 
can no longer be distinguished. The altered nucleus is represented by an 
oval clear area which can be made out lying generally at the edge of the 
spherical body near the flagella. A very interesting change can now be observed 
in favourable specimens. All movement of translation has stopped but the 
flagella can be seen beating rather gently, the points of attachment of the 
two flagella gradually moving apart. This happens quite rapidly, occupying 
about one to two minutes and can actually be observed taking place; the 
short flagellum goes in one direction, the long one in the opposite direction, 
and the oval area can be seen between them but not always equally distinctly 
as the granules may obscure it. In a few minutes the flagella are one at either 
end of the body, which soon begins to elongate into a symmetrical barrel 
shape. A second flagellar rudiment appears quickly at either end and a clear 
area becomes visible at the poles of the barrel towards the origin of the flagella. 
The barrel elongates and the two clear areas begin to change in refractive 
appearance; in very favourable specimens a slender bright strand may be 
seen joining. these two areas for a time. The cytoplasm constricts in the 
middle of the barrel and is rapidly pulled out into a thread as the two daughter 
individuals become more active. The two nuclei in the young individuals are 
now recognisable in the same terms as in the adult and very soon the proto- 
plasmic strand parts and the young Heteromita swim actively away. 

The whole process goes on with great rapidity and can be observed as 
often as one wishes in material from a young culture, especially one derived 
from purely encysted material. The burst of division is more dramatic in 
a culture of this type. 

The great rapidity, particularly of the prophase, is unfortunate from the 
point of view of the detailed study of division. It is always the most interesting 
stage in division in the Protozoa and by far the most difficult to study. 


Delayed division and double individuals. 


A curious process of delayed division occurs in Heteromita, which has 
apparently been interpreted as conjugation (Woodcock, 1916). 
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If a large number of living organisms are observed some are found which 
have two nuclei and a double equipment of flagella. The movement and 
activity of this composite creature suggests unmistakably the fusion of two 
individuals. Figs. 13 and 15 give a picture of some of these appearances. 
The animal feeds and swims, sometimes with the nuclei close together and 
the flagella keeping time, sometimes with the nuclei at opposite ends and the 
body drawn out into a bolster shape. If the creature is followed for some hours 
either one of two things happens, it either encysts in the binucleate phase or 
it rounds up, the pairs of flagella separate and each of the nuclei divides into 
two, and the whole organism breaks up into four separate single individuals 
(Figs. 13-16). 

When these double creatures were first found they were considered to be 
stages in conjugation, and great efforts were made to observe the earliest 
phase, namely, the actual meeting of the gametes. Several times apparently 
separate individuals were found dancing about apposed to each other, but the 
most careful observation always revealed that either they separated and 
swam away or that they were already connected by a very fine strand of 
protoplasm at the posterior end. This circumstance already excited particular 
criticism in the consideration of what the process might actually be, as in my 
experience conjugation mostly proceeds from a junction at the anterior end. 

Prolonged observation of large numbers of hanging-drop preparations 
solved the matter. While in the great majority of divisions the final stage 
goes through with characteristic despatch and the breaking of the proto- 
plasmic junction occurs without delay or hesitation, it happens in a varying 
percentage of instances that the apparently critical moment for the breaking 
apart of the protoplasmic strand is missed and, once missed, the periplast 
seems to resume a consistency that precludes protoplasmic division. The 
thread joining the now completely reconstructed daughter individuals may 
be extremely slender, literally a mere thread, and yet they never struggle 
apart. The thread thickens and retracts and the protoplasm of the two 
individuals flows together. They now settle down to a parallel existence and 
they carry out apparently the rhythm of their single neighbours. Food is 
absorbed, the size increases, amoeboid movements and so on are carried out 
just as in the single flagellates in the same environment. When the condition 
is once more ripe for division the two partners divide simultaneously; should 
the conditions lead to encystment they settle into the resting phase in a single 
cyst and the continuity of the protoplasm is uninterrupted during all this 
period. 

An interesting point that emerges is that the change in the state of the 
protoplasm at division has an obvious relation to the possibility of cytoplasmic 
separation. Ocularly the protoplasm appears more translucent and more 
fluid; the mitotic activity of the nucleus is probably responsible for the actual 
separation of the protoplasm and it seems that this takes place at a definite 
moment in the down grade of the mitotic process. It is a function of the 
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telophase and if the process is not brought off at that period there is apparently 
no mechanism by which to achieve the separation until the corresponding 
phase at the next mitosis. 

Occasionally the division of the double individual gets held up after only 
one of the four daughters has got free and for a time a trinucleate creature 
may be seen. I have never seen either actual mitosis into three or a repeated 
division of the nucleus without any attempt at cytoplasmic division. 

The history of the binucleate cysts has been followed.- There is no fusion 
of the nuclei; they are not conjugation cysts, as was shown by the following 
observations which were repeated upon several occasions. 

A plate on which encysting doubles had been observed was allowed to 
dry, preparations for staining being taken at this period. It was left for a 
month in the dry state, everything was quiescent and the agar had dried 
and shrunk down on to the glass so as to leave no free moisture. At the end 
of the month the plate was flooded with Peters’ medium and preparations 
were made at varying periods—at 20 minutes, 95 minutes, 3 hours, and so on. 
Among the unexcysted cysts in the early films binucleate individuals were 
present in, as near as could be estimated, the same proportions as in the 
preparations taken before drying. Moreover, the excysting and excysted 
flageilates showed also a proportion of binucleate individuals in the prepara- 
tions taken at 95 minutes from the time of flooding and long before any 
attempt at division had begun among the excysted flagellates. None of these 
newly excysted binucleates was actually followed in the live state to the division 
into four. The matter therefore stands that double types produced by delayed 
protoplasmic division, which subsequently divide into four or which encyst 
as binucleates and also excyst as binucleates, have all been clearly and fre- 
quently observed but the actual matter of conjugation remains unprejudiced. 
The process observed is not syngamy, but syngamy may occur in addition. 
I have not observed it and it is clear from the foregoing that conjugation 
cannot be assumed to be taking place when double individuals are noted, nor 
is this assumption justified when double individuals are observed to encyst. 
Fusion of the nuclei is the only actual criterion of syngamy and that has not 
so far been observed in this form. 

It is interesting to compare the coming together of the gametes followed 
by encystation and the easily observed fusion of the nuclei in Polytoma wvella 
with the process of binucleate encystation just described for Heteromita. 

In considering the conditions presented by Heteromita, Hartmann and 
Nagler’s account (1908) of Sappinia diploidea suggests itself at once as an 
example of a delayed nuclear fusion, and some process of this kind might 
possibly co-exist with the double individuals produced by the delayed proto- 
plasmic division in the case under consideration. I have not found any 
evidence of this, but further search will be made among the excysting phases 
in material which has shown binucleate cysts. 

A conjugation of the Actinophrys type (Bélar, 1922) was also suggested, 
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where a uninucleate individual divides into two within a cyst and after a 
nuclear reduction, the two nuclei fuse again and the zygote emerges as a 
single uninucleate creature. But no such evolution occurred in Heteromita. 

A Cercomonas species which I am investigating at present shows a type of 
delayed division similar to that found in Heteromita. 

It may be noted in passing that this failure to divide the protoplasm may 
sometimes be observed in the cells in tissue cultures and the process is extra- 
ordinarily reminiscent of the behaviour of Heteromita. The division of the 
nucleus seems to be perfectly normal and the movements in the protoplasm 
which usually precede division of the cell body takes place in the expected 
manner, but the actual period at which separation should take place is passed 
without a partition of the protoplasm, the reconstruction of the nuclei proceeds 
and a binucleate cell results. 

Encystation. 

Heteromita encysts readily and it seems to be a periodic process even 
under the most suitable conditions. Encystation can be observed in the 
living flagellate. It can be induced in the hanging drop in a variety of ways 
but the process occurs normally in what appear to be favourable conditions 
in a carefully put up hanging-drop preparation in about 12 to 24 to 48 hours. 
It can be observed in a much shorter time if an actually encysting culture is 
used. 

The flagellate becomes round in shape and goes as a rule through a short 
period of extraordinary activity, jumping about with the greatest rapidity, 
but not showing much movement of translation; it then becomes quieter while 
still retaining the flagella. A slight change in the appearance of the protoplasm 
can be noted, the bright granules of reserve material get arranged in an 
irregular ring round the nucleus. The protoplasm becomes somewhat denser 
looking and seems to have a finely granular texture which is very recognisable, 
but which is difficult to convey with words; food vacuoles disappear but the 
contractile vacuole works very actively and conspicuously. The flagella 
disappear after a time. The creature is now spherical and quiescent with 
the nucleus in the centre and the bright reserve granules grouped round it. 
The secretion of the smooth cyst wall goes on from this time and after some 
hours the contractile vacuole ceases to work. The thick double wall of the 
final resistant cyst seems to take some time to develop, at least 24 hours and 
perhaps longer. The difference in the thickness of the cyst wall between 
young and older cysts is very striking in stained preparations as well as in 
the living state. 

In a normal encysting culture where there is plenty of fluid and where the 
flagellates are not overcrowded, the great majority encyst in 2 to 6 days; 
some few however retain the flagellate state almost indefinitely. Sandon (1927) 
describes a thin-walled resting phase which he distinguishes from true 
encystation and which in his opinion does not lead to the formation of true 
resistant cysts. 


M. RoBERTSON 17 


Excystation. 

The encysted Heteromita will survive for very long periods in liquid 
cultures and also on plates from which the fluid has evaporated. A 1 per cent. 
water-agar plate culture flooded with Peters’ medium in the method always 
used was allowed to dry, and was left for 3} months after it had dried. It was 
at room temperature, and no further withdrawal of moisture was practised 
other than that which took place by evaporation. My purpose was to observe 
the excystation of fully mature cysts which had experienced a reasonably 
long suspension of activity. 

It is a frequent experience to find that while Protozoa must and do excyst 
it is difficult to make them do so while under observation. With Heteromita 
nothing is easier and the process can be observed as often as one chooses. 

The dry plate was flooded with Peters’ medium on this occasion, but 
distilled water is more effective if the plate has been dry for a longer period. 
A sterile platinum loop was gently scraped over the surface of the agar and 
the drop mounted in a hanging-drop preparation. This was done immediately 
after the flooding of the dry plate. 

The drop when examined contained numerous cysts, some in clumps and 
some singly; there were bacteria present also. In 35 minutes flagellates were 
to be seen in small numbers, and excystation went on steadily until hardly 
any cysts were left. I was surprised to note how very few cysts failed to react 
to the stimulus, and concluded that a proportion of these were probably dead. 

The process of excystation is as follows. The first sign of response is a 
slight thinning of the wall at one place or an apparent softening of the general 
contour which may be accompanied by a slight alteration in the shape of the 
cyst, which becomes elongated a little. The contractile vacuole starts working 
and this is always the most striking sign of the resumption of active life. The 
contractile vacuole begins to function at a time when the other changes are 
still so trifling that one may be in doubt as to whether any reaction has actually 
taken place. From this stage on there may be a good deal of variation in the 
method of getting free. Frequently a pseudopodium works its way out at a 
small opening in the cyst and in about 20 minutes the greater part of the 
protoplasm has, after a few false starts, got out through the aperture. Quite 
suddenly the flagella are put out; this is done relatively rapidly and occupies 
only about a minute. In spite of the most careful observation of living 
individuals and a painstaking search of a great number of stained preparations, 
I have been quite unable to trace the actual fate of the blepharoplasts in the 
cysts and have also failed to discover how they originate at excystation. 

As soon as the flagella are developed the animal begins to move, although 
the posterior end is still carrying the remains of the cyst and is in a curious 
screwed up condition. The young Heteromita has a quite characteristic long 
thin appearance with transparent, rather fluid, protoplasm, in which a few 
reserve food granules can be seen. It is striking how much energy is at once 
at the command of the emerging flagellate. 
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In some cases the cyst is crept out of and is left behind as an empty shell, 
in others the shrunken remains are carried around at the posterior end and 
seem either to be absorbed or thrown off later. 

Sometimes the flagellate seems to come out as it were backwards; having 
produced the flagella at one point, but being still caught in the cyst, an 
aperture is found at another point through which the protoplasm flows out 
round the cyst, which is finally seen as a small shrunken protuberance 
sticking out from the side of the flagellate. 

Excystation from the time at which any reaction can be observed takes 
from about 20 to 50 minutes, but many cysts will not begin to react until 
some hours after exposure to the fluid. The young flagellate soon begins to 
feed, but division does not take place so far as I have seen until at least 5 or 
6 hours or more after excystation. 

On another occasion a more exacting test of the survival of the cysts was 
made. Plates of the usual culture medium were allowed to dry and were left 
at room temperature, protected from dust by a glass bell-jar, for one year and 
five months. In this time the agar had dried into a perfectly hard thin coating 
on the glass and the contents of the plate were as dry as is consistent with the 
presence of air at a temperature of about 60 degrees Fahrenheit. 

These plates had contained good cultures and the dried cysts could still 
be seen under a low power of the microscope. When flooded with distilled 
water the Heteromits excysted in the course of 12 to 48 hours and on 
being transferred to fresh plates produced prolific cultures in the ordinary 
way. 

In the study of excystation a careful search was made for instances of 
division within the cyst and for the emergence of several individuals. This 
was never seen and in my experience only one flagellate emerges. Examination 
of the stained material taken at this period revealed cases of emerging 
binucleate forms but no sporulating stages were seen. 

Warrington York and Adams (1926, 1 and 2), in their work on the excysta- 
tion of Entamoeba histolytica, found that a single individual emerges. The cysts 
it will be recalled are quadrinucleate when fully developed and the excysting 
amoeba shows four nuclei; this creature divides after excystation either 
directly or indirectly into four individuals. Here also conjugation has not so 
far been observed nor does there appear to be any process of autogamy 
within the cyst. 


CONSIDERATION OF FIXED AND STAINED MATERIAL. 


In fixed and stained material Heteromita presents the features already 
described. There is a relatively large nucleus of the karyosome type. The 
flagella, which are unequal in length but substantially equal in thickness, can 
be seen to arise each from a perfectly definite basal granule. These two 
granules are the blepharoplasts, and they are homologous with the same 
structures at the base of the flagella in other flagellates, including the 
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Trypanosomes. (It will be recalled that the word blepharoplast is erroneously 
used for the parabasal body or kinetonucleus in German literature.) 

In Heteromita the blepharoplasts lie close together at the surface of the 
body and are connected with the nuclear membrane by short and very slender 
rhizoplasts (see Figs. 1 and 7). The blepharoplasts are very clearly defined 
granules; they stain grey or black with Kofoid’s alcoholic iron alum haematein 
and with Heidenhain’s process. Kofoid’s stain is particularly valuable in 
demonstrating the whole flagellar apparatus. In material stained with 
haemalum the blepharoplasts can also be made out, but they take the stain 
rather faintly. They do not stain with the nucleal reagent of Feulgen. In 
perfectly successful preparations stained by Mann’s methyl blue eosin the 
blepharoplasts are red or pink. 

The nucleus, as has already been said, is of the karyosome type. This 
disposition of the elements in the resting nucleus is widely distributed among 
the Protozoa; there is however no correspondence between this arrangement 
in the resting phase and the type of mitosis actually found in the different 
genera. Bélar (1926), discussing the nuclear structure of the Protista in general, 
points out very cogently that a classification of the resting nuclei which would 
also correlate their behaviour in mitosis cannot be set up. Thus such very 
divergent types of mitosis as that seen in Vahlkampfia bistadialis (Kiihn, 1920), 
with the massive pole cap spindle, in Bodo caudatus (Kiihn, 1915; Robertson, 
1927), where the karyosome supplies a division column and where the chro- 
matin is never arranged in an equatorial plate, and in Heteromita, with the 
delicate mitotic spindle about to be described, are all derived from a resting 
karyosome nucleus. 

The word karyosome is convenient but its exact significance is rather 
doubtful. It was originally used in general cytology for a condensation of 
chromatin in the resting nucleus (see Wilson’s definition, 1925). It was then 
used for the karyosphere or large spherical body occupying the centre of the 
nuclear space in many Protista under the general idea that it contained 
the chromatin of the nucleus even if it was perhaps not entirely composed 
of chromatin. 

Now that the work of the last 15 years has begun to throw more light on 
the cytology of the Protozoa, it begins to be clear that the karyosome is in 
many cases a nucleolus which may or may not carry a certain amount of 
chromatin which contributes to the building up of the chromosomes. 

The chromatin in many Protozoa is not to be demonstrated by means of 
the ordinary nuclear stains in the form in which it is found persisting in the 
resting nucleus. The gradual appreciation of this has altered the interpretation 
of many of the nuclear appearances and has led to a more critical consideration 
of a good deal of the earlier data. 

In the case of Heteromita the iron haematoxylin stains reveal a deeply 
staining black karyosome surrounded by a clear area in which only delicate 
grey threads can be detected. That the clear area is bounded by a membrane 
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can be demonstrated in material fixed by Bouin’s fluid which causes the 
membrane to shrink from the surrounding protoplasm. This membrane can 
be stained black by the iron haematoxylin methods but is nevertheless very 
readily destained. Using haemalum, the picture is much the same, but the 
membrane stains more deeply and constantly. In using the nucleal reagent 
counterstained rapidly with a weak light green and picric acid solution in 
90 per cent. alcohol a different picture is presented. The body of the karyosome 
is stained by the light green and picric solution, round the edge of the karyo- 
some is a delicate loose ring of pink staining material and the inner side of the 
nuclear membrane also carries the pink staining material. This appearance 
indicates that the chromatin lies on the outside of the karyosome in a loose 
layer and is also condensed on the inner side of the membrane (Figs. 1 
and 7). 

At the present stage of our knowledge it is difficult to appreciate the true 
value of the reagent put at the disposal of biologists by Feulgen’s work. Feulgen 
and Rossenbeck (1924) point out that the reaction implies the presence of 
thymonucleinic acid, but it is actually dependent upon the adenin and guanin 
groups of thymonucleinic acid. The natural question that arises is whether 
all the manifestations of chromatin in the life of the particular type of cell do 
actually lie within the chemical range of the reduction product which gives 
the characteristic colour reaction. In practice however it seems to be an 
advance upon anything that has hitherto been available as a means of 
distinguishing the presence of chromatin. 

In a well-stained preparation treated with Mann’s methy! blue eosin stain, 
the karyosome takes on a vivid red colour and the light blue in the resting 
nucleus takes up the position occupied by the red in the preparations made 
according to Feulgen’s method; that is to say that in regard to the distribution 
of the chromatin these two methods are in agreement. It is also interesting 
to note that in actual mitosis the colour reaction of the chromatin in both 
procedures increases strikingly in intensity, so that the chromosomes by 
Mann’s method are a deep blue and by Feulgen’s method they are an intense 
red, instead of the rather faint diffuse colouring presented by the chromatin 
in the resting nuclei. 

This alteration in the state of the chromatin as between the resting and 
the mitotic nucleus is very pronounced in many Protozoa. It is much less 
noticeable in all metazoan cells and in certain types of Protozoa, although a 
condensation of the chromatin is of course a feature of all types of mitosis 
in Metazoa and Protozoa alike. 


Division forms of Heteromita in fixed material. 

Division forms in stained preparations were studied in material treated 
by Kofoid’s alcoholic iron haematein, Feulgen’s nucleal reagent and Mann’s 
methyl! blue eosin. Owing to the expense and to the difficulties of reproduction 
the number of the figures has been reduced as much as possible and they 
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have been represented in monochrome. No individuals stained by Mann’s 
method are reproduced. 

The preparations treated by Feulgen’s reagent were counterstained with 
light green and picric acid, with eosin and with Delafield’s haematoxylin. 
A green Wratten filter was used in studying the eosin material and in these 
preparations the blepharoplasts can be readily seen as also the other achromatic 
structures though with less precision than in the iron haematoxylin preparations. 

The first signs of division are the condensation of the chromatin and the 
moving apart of the two blepharoplasts (Figs. 2 and 3). 

The blepharoplasts appear to be adherent to the nuclear membrane and 
one seems to remain in its original position, while the other wanders to the 
other end of the nucleus. It is very difficult to be certain about the condition 
of the nuclear membrane; it certainly becomes denuded of all recognisable 
chromatin but it appears to persist in some form and to demark the limit of 
the spindle. Iron haematoxylin preparations, which must be very largely relied 
upon in tracing the achromatic structures, certainly suggest that the mem- 
brane exists in the prophase and again in an early telophase (Figs. 8, 11 and 12); 
during the actual metaphase it is extremely difficult to form a clear opinion 
about its presence or absence, but the spindle is marked off with a sharpness 
that suggests that there is some thickening of the substance between it and 
the surrounding protoplasm (Figs. 4 and 9). The point that is quite clear is 
that at the prophase, the blepharoplasts which, as will be seen, are to act as 
the centrosomes, are not lying free in the protoplasm as occurs with the 
centrosomes of some protozoan and many metazoan cells. They are lying 
directly on the nuclear membrane and seem to retain this marginal position 
(Figs. 2, 3 and 8). 

The chromatin condenses into granules which lie at first irregularly in the 
nuclear space and later come to be aggregated towards the centre (Figs. 2 
and 3). The achromatic karyosome can still be made out but it becomes 
indistinct. These appearances are described from material stained with the 
nucleal reagent counterstained with eosin or light green. From the time when 
the chromatin is aggregated into granules the appearances obtained by this 
method of treatment and those shown by the iron haematoxylin method agree; 
in both cases a disintegrating achromatic karyosome and condensed chromatin 
can be distinguished (Figs. 3-5, 8-11). 

A spindle figure now comes to be formed between the blepharoplasts, and 
it seems to lie within what was recognisable as the membrane of the nucleus 
at an earlier stage. There is no mere drawing out of the karyosome to form 
a spindle or a division column as is found in 7’, raiae and in Bodo caudatus 
respectively (Robertson, 1927). The karyosome in Heteromita seems to 
disappear as a definite body, and a spindle presenting a very delicate slightly 
fibrillar appearance is developed with the blepharoplasts now acting as 
centrosomes at either pole (Figs. 2-5, 8-12). The chromatin granules come to 
be arranged in an equatorial plate at the widest part of the spindle. 
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The anaphase follows and the chromatin divides into two collections of 
small masses which move apart (Figs. 5 and 10). These chromatin segments 
might probably be called chromosomes but it is difficult to be clear about 
their number and it is impossible to obtain evidence of their actual splitting 
in two during the metaphase. 

The blepharoplasts are found to have themselves divided during the 
anaphase and are represented by double granules; the new flagellar rudiments 
are usually to be made out in the early telophase (Figs. 5, 10, 11). The remains 
of the spindle can still be observed and the central fibres, which may be termed 
the centrodesmose, persist for some time (Fig. 11). The chromatin in the 
reconstructing nuclei is for a short while aggregated in granules, but soon it 
becomes diffuse and the karyosome reappears, and at this stage the two 
staining methods used in this study give once more the divergent appearances 
already noted. It may again be remarked that Mann’s methy] blue eosin stain, 
which is a very valuable method, corroborates the distribution of chromatic 
and achromatic nuclear elements suggested by Feulgen’s nucleal reagent. 

The division of the protoplasm follows and the two daughter individuals 
can be seen attached only by a thin protoplasmic junction (Fig. 6). 


DIscussIon. 


This account of the division of Heteromita agrees in the main outline, 
though not in all respects, with that of Wenyon (1926). He also finds that 
the blepharoplasts play the part of centrosomes in the division and his figures 
seem to support the view that I have taken as to the behaviour of the nuclear 
membrane. A divergence however exists in the interpretation of the appearance 
of the resting nucleus and in the view taken as to the origin of the chromatin 
granules in the prophase. He relies entirely, it seems, on the picture given by 
iron haematoxylin and considers the black karyosome to be responsible for 
the chromatin and, while he would consider that it does not entirely consist 
of this substance, he nevertheless takes it that the karyosome breaks up to 
form the chromosomes. 

Wenyon’s interpretation is in accord with the appearances produced by 
iron haematoxylin, but this method seems to me to mask the distribution of 
the chromatin in all except the meta- and anaphases of mitosis and during 
all the resting phases of the nucleus. The use of a more selective battery of 
stains would, I feel sure, reveal the same nuclear relations as that shown in 
the species I have studied. Wenyon worked with H. unciata and the species 
that I have studied appears to be H. globosa. 

The importance of the delayed divisions, the double forms and the binuclear 
cysts described in the earlier part of the paper is obvious in its relation to the 
difficult matter of conjugation and syngamy. It is clear that no conclusions 
can be drawn about the occurrence of syngamy except upon evidence of the 
most rigorous kind and the behaviour here described shows how the fusion 
of two cells may be suggested in a very convincing manner when in reality 
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no such process is involved. Only frequently repeated and very prolonged 
observation of the living organisms finally elucidated the nature of these 
double individuals. It may be noted that the double creatures and the 
division into four were also found in “wild” individuals living in mixed 
protozoan populations in large jars, so that they are not primarily due to 
culture methods. 

Woodcock (1916) seems perhaps to have interpreted these double forms 
as conjugants. Syngamy is clearly not excluded but it has eluded observation 
up to the present and the delayed division must be taken into account in the 
search for this stage of the life cycle. 


SUMMARY. 


1. A Heteromita species, probably Heteromita globosa, is described and the 
methods of culture and observation are detailed. 

Heteromita globosa is a flagellate with a karyosome nucleus. The karyosome 
body is an achromatic structure. The chromatin lies on or around the peri- 
phery of the karyosome as a narrow diffuse layer and is also distributed upon 
the inner side of the nuclear membrane. There are two unequal flagella which 
arise from two blepharoplasts which are situated close together at the anterior 
end of the body. The blepharoplasts are connected with the nuclear membrane 
by fine rhizoplasts. 

2. The division, encystation and excystation of the flagellates are 
described from living and stained material. The nuclear division is charac- 
terised by a well-developed spindle and the chromatin is arranged in an 
equatorial plate at the metaphase. The blepharoplasts play the part of 
centrosomes in the division of the nucleus. 

3. The normal division in the living state takes 7 to 15 minutes. The 
blepharoplasts can be seen to separate, the nuclear space becomes hyaline and 
ceases to refract in the characteristic way, the space elongates, the blepharo- 
plasts each with the flagellum attached come to lie at opposite poles of the 
elongating organism and a second flagellar rudiment can be seen to arise at each 
end alongside of the original one. The nuclei can be observed to reconstruct 
and the protoplasmic body draws apart rapidly, leaving a narrow protoplasmic 
junction which breaks through and the two daughter individuals separate. 

4. A process of delayed division was observed. If after the division of the 
nucleus and the drawing apart of the main bulk of the protoplasm the actual 
breaking of the narrow junction between the two daughters fails to take place 
immediately, there seems to be no means of effecting this actual separation 
until the occurrence of a new nuclear division. 

In the course of a few hours, usually 3 to 6, a second division occurs and 
each nucleus undergoes mitosis and the creature splits into four daughters. 

The double individuals may encyst and when they emerge they do so as 
a single binucleate protozoan equipped with a double flagellar apparatus. 

5. Syngamy has not been observed. 
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EXPLANATION OF PLATE I. 


All the figures are of Heteromita; they were drawn at a magnification of about 4500 diameters, 
with the aid of an Abbé drawing apparatus. Figs. 1 to 6 are from material treated by Feulgen’s 
nucleal reagent counterstained with eosin. A green Wratten filter was used. 

Fig. 1. Note distribution of chromatin round the achromatic karyosome and on the inside of 


the nuclear membrane. The two blepharoplasts are visible and the rhizoplasts passing from 
the nuclear membrane. 


Fig. 2. Very early prophase. The flagella have moved apart. The chromatin is aggregating into 
granules. The karyosome still persists. 


Fig. 3. Prophase. The blepharoplasts are at either side of the nuclear space, apparently on the 
nuclear membrane, which has now no chromatin. 


Fig. 4. Metaphase. 

Fig. 5. Telophase. 

Fig. 6. Late division stage. 

Figs. 7 to 17 are drawn from material stained with Kofoid’s alcoholic iron alum haematein method. 

Fig. 7. Flagellate stage. Note the deeply staining karyosome and the pale colour of the nuclear 
membrane produced by this method. 

Fig. 8. Prophase. 

Fig. 9. Metaphase. 

Fig. 10. Anaphase. 

Figs. 11 and 12. Telophase. 


Fig. 13. A double individual resulting from a division in which all the elements of the cell have 
divided with the exception of the protoplasm. 


Fig. 14. A double individual which has encysted. The culture was derived from dried cysts and 
this cyst drawn here was produced after 54 hours’ growth. 


Fig. 15. A double individual which has newly come out of a cyst. The plate had been dried and 
left in this condition for a month; this individual is from a film taken 95 minutes after the 
flooding of the plate. 


Fig. 16. Double individual dividing into four. 
Fig. 17. Normal individual fixed in the act of excysting. 


(MS. received for publication 13. x. 1927.—Ed.) 
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BRACHIELLA OBESA, A PARASITIC COPEPOD OF 
TRIGLA CUCULUS, WITH A DESCRIPTION 
OF THE MALE. 


By W. HAROLD LEIGH-SHARPE, M.Sc. (Lonp.). 
Lecturer in Zoology, Chelsea Polytechnic, London, S.W. 3. 


(With 4 Text-figures.) 


Brachiella obesa (Kroyer) 1837. 


Tuis species has received so few notices from collectors of parasitic Copepoda 
that it might be judged uncommon. Thus Kroyer (1837), originally placed it 
in the genus Lernaeopoda having but a single specimen at his disposal the 
host of which he had forgotten; subsequently it has been recorded by Olsson 
(1869), who was the first to place it correctly in the genus Brachiella. This 
species has also been recorded by P. J. van Beneden (1870), by T. Scott (1901), 
by A. Scott (1904), and collected by L. Harrison Matthews, as mentioned by 
me (1926), at Plymouth. 

In all the above cases, except that of Kroyer, the specimens were taken 
on the gill arches of Trigla gurnardus, more frequently on young fishes than 
on adults. However, on 4. vi. 1927, as the result of a single day’s trawling 
especially for gurnard on the Looe-Eddystone and outer Eddystone grounds, 
Plymouth, on board the s.s. Salpa kindly placed at my disposal by the Marine 
Biological Station, five female specimens of Brachiella obesa were collected 
from the tips of the gill filaments of Trigla cuculus of which about fifty young 
specimens were taken. Two of these females bore upon the cephalothorax one 
male each. As far as I know the male has not been previously described. 


Description of the Female. 


Body. The general outline of the animal is shown in Fig. 1. 

Dimensions. The total length of the animal is 3-8 mm. (more if the 
cephalothorax. were straightened out) of which the cephalothorax (head and 
neck) occupies 1-6 mm., the trunk 1-15 mm., abdominal appendages 0-25 mm. 
and the ovisacs 1-15 mm. 

The cephalothoraz is moderately stout, curved forward anteriorly and but 
little longer than the trunk, head not enlarged. 

Trunk subpyriform, considerably expanded posteriorly, with curious 
postero-lateral enlarged lobes from which issue the egg sacs. Abdomen 
small. Abdominal appendages very small, concealed by the egg sacs which 
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are short, subspherical and filled with very large ova (about six eggs in a row) 
with conspicuous yolk. 

The Appendages (Fig. 2), all paired, are: 

Antennules (Fig. 2, A1.) four-articled, the basal article much enlarged, the 
other three decreasing in size; the article next the basal bears a very pro- 
minent seta; the terminal article, which is the smallest, is capped by four 
short, stout setae. 


mm. 


+o 
Fig. 1. Brachiella obesa 2, the entire animal, cephalothorax in lateral aspect, trunk in ventral 
aspect. C. = cephalothorax; 2Mzx. = second maxillae; B. = bulla; Tr. = trunk; A.A. = ab- 
dominal appendages; Os. = ovisacs. 


Antennae (Fig. 2, A2.) large and clumsy, two-articled, enlarged and 
rounded at the apex culminating in a minute projection. The terminal article 
bears a two-articled exopodite, the small spines at the tip of which figured 
by Scott have probably been broken off. 

Mandibles (Fig. 2, Mn.) stout with an enlarged base resembling the human 
foot in profile. 


| 
5 
| 2 Mx. 
| B. 
Tr. 
YS A.A. 
| 
— Os. 


W. H. Leiau-SHARPE 27 


Dental formula (as defined in Parasitology, 11, 259 and 261) H1, Z1, 
H1, Z1,H1,N2. 

First mazillae (Fig. 2,1Mz.) tripartite, the two major rami each ending in 
a long seta, with a seta at the base on the outer border; the inner ramus 
small and bifid. 

Second mazillae (Fig. 1, 2Mz.) short and stout. 


A2. 
Al. B. Ex 
lL. 


1 Mx. 


My, 
Mp. 
P Mi 


Fig. 2. Brachiella obesa 2, the appendages. Al. = antennule; A2. = antenna; Ex. = exopodite; 
B. = bulla; 1 Mx. = first maxilla; Mp. = maxillipede; Mn. = mandible. 


Bulla (Fig.2, B.) pateriform with a striated rim having a crenellated 
border. 

Mazillipedes (Fig. 2, Mp.) bearing a striking resemblance to those of 
Ommatokoita (Parasitology, 18, 228, Fig. 3). Basal article moderately stout, 
and terminal article ending in a large curved claw capable of flexion against 
the basal article. This article, on its inner side, bears a short process ending 
in a downwardly curved spine. A small process, bearing a claw and suggesting 
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an exopodite, occurs on one side of the terminal article less than midway 
along its length, exactly as in Ommatokoita. The cushions of spines charac- 
teristic of the maxillipedes of Lernaeopoda and Ommatokoita are thus distri- 
buted: (a) a large cushion on the basal article lying between its junction with 
the terminal article and the lateral process, (b) a cushion of spines posterior 


R. 


Fig. 3. Brachiella obesa 3, the entire animal in left lateral aspect. C. = cephalothorax; 
R. = rostrum; Al. = antennule; A2.= antenna; M.C. = mouth cone; Mp. = maxillipede; 
2Mzx. = second maxilla; A.A. = abdominal appendages. 


to the process, (c) a cushion of spines on the inner side of the terminal article 
opposite the anterior cushion of the basal article. 

In accordance with my previous convictions (Parasitology, 17, 250) con- 
cerning the importance of the maxillipedes, and in a less degree, the mandibles, 
in determining the systematic position of a species, the similitude of the 
maxillipedes in Brachiella and Ommatokoita and certain species of Lernaeopoda, 
e.g. L. scyllicola, is to be noted. 
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Description of the Male. 

Body. The general outline of the animal can be best seen in Fig. 3. The 
males of the genus Brachiella differ considerably in general contour, and 
while not particularly resembling the form of B. thynni yet I do not consider 
it necessary to erect a new genus for its reception since B. obesa bears a 
considerable resemblance to B. gulosa Wilson, an American species from 
Scienops ocellatus. The head is at right angles to the trunk, the dorsal carapace 
large; there is a pronounced rostrum. Mouth cone prominent. Cephalothorax 
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Fig. 4. Brachiella obesa 3, the appendages. Al. = antennule; A2. = antenna; Ex. = exopodite; 
1 Mz. = first maxilla; 2Mzx. = second maxillae; G.P. = genital process; Mp. = maxillipede. 


narrowing to a distinct waist where it joins the trunk which is composed of 
three distinct segments and bears just anterior to its posterior extremity a 
pair of small abdominal appendages. Total length 0-6 mm. 

The Appendages (Fig. 4), all paired, are: 

Antennules (Fig. 4, Al.), three-articled, the basal article being much the 
largest and bearing anteriorly a large recurved seta. The terminal article is 
the smallest and ends in four short stout setae, three together and one apart, 
recalling their disposition in the female. 

Antennae (Fig. 4, A2.) biramous, the basal article large with several 
recurved setae. The endopodite small and smoothly rounded; the exopodite 
two-articled and ending in a stout curved spine. 
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First mavillae (Fig. 4, 1Mz.) tripartite, each ramus ending in a stout spine. 

Following Dr C. B. Wilson’s suggestions (quoted in Parasitology, 11, 266) 
the next pair of appendages is the Mazillipedes (Fig. 4, Mp.), stout, tipped 
with powerful claws which shut down against a characteristic projection. 

Second mazillae (Fig. 4, 2Mz.) considerably smaller than the maxillipedes 
which as usual they somewhat resemble, being tipped with a strong claw. 
The genital process is distinctly visible as a conical tapering tube with an 
aperture fringed with long setae between and partly behind these maxillae 
(Fig. 4, G.P.). 


Relationships of genera. 


From the foregoing it is seen that the genus Brachiella in both sexes 
resembles Lernaeopoda much more closely than Clavella, since the female 
possesses abdominal appendages, a pateriform bulla, and similar maxillipedes 
and mandibles. In fact Brachiella may be regarded as derived from Lernaeo- 
poda by the migration backwards in the female of the second maxillae which 
remain unfused while the maxillipedes remain close behind the mouth cone. 
While not suggesting that Brachiella is derived directly from Ommatokoita, 
since this genus is in several ways specialised in relation to its peculiar habitat 
(on the eye of its hosts), the similarity of their maxillipedes gives an indication 
that both genera have evolved from a common type of Lernaeopoda like 
L. scyllicola. In seeking to derive Clavella from Brachiella by, inter alia, the 
fusion of the second maxillae, a valuable connecting link is afforded by the 
genus Alella (Parasitology, 17, 200) in which the second maxillae exhibit 
various degrees of fusion. The following diagram will represent this phylogeny. 


Clavella 
Alella 


Brachiella 


ga lec Onmmalokotla 


Aernacopoda scyllicola 


My best thanks are due to Miss Edith C. Humphreys and C. L. Oakley 
for reproducing the figures. 
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REPORT ON A COLLECTION OF PARASITIC 
NEMATODES, MAINLY FROM EGYPT. 


PART V. FILARIOIDEA. 


By C. L. BOULENGER, M.A., D.Sc. 
Professor of Zoology, Bedford College, University of London. 


(With 51 Text-figures.) 


THE present paper is the fifth instalment of the Report on the Molteno Insti- 
tute collection, of which Parts I-III (Ascartpar, HETERAKIDAE, OXYURIDAE, 
CAMALLANIDAE, etc.) and Part IV (TRicHosTRONGYLIDAE and STRONGYLIDAE) 
were published in this Journal by Dr H. A. Baylis (1923) and myself (1926). 
This collection was sent to Cambridge by Dr E. Hindle and consisted chiefly 
of unnamed material which had accumulated in the Parasitul gical Laboratory 
of the Egyptian Government School of Medicine in Cairo. Since commencing 
the work on the Filarioidea contained in this material, a further series of worms 
belonging to this order was placed at my disposal by the Cairo Medical School 
and the results of my study of this collection have been incorporated with those 
of the Molteno Institute specimens. 

Part V of the Report is presented in the same form as that of preceding 
parts, and consists of a list of determinations together with descriptions of the 
less known forms and new species; in this list the Molteno Institute specimens 
are designated by the serial numbers given to the original tubes at Cambridge, 
whilst those belonging to the Cairo School of Medicine are distinguished by the 
letters C.S.M. 

The classification of the Filarioid Nematodes presents a very difficult 
problem on which there is at present no general agreement; in this paper the 
term Filarioidea is used in its restricted sense as an Order or Superfamily which 
includes the two Families Filariidae and Dracunculidae only. In their recently 
published monograph Yorke and Maplestone (1926) divide the Filariidae into 
no less than eight subfamilies; some of these appear to me as insufficiently 
characterised, and I have preferred to follow, at least provisionally, Baylis and 
Daubney (1926) who, in their Synopsis of the Families and Genera of Nematodes, 
recognise only the Subfamilies Filariinae, Diplotriaeninae and Aproctinae. 
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Family FILARIIDAE. 
Subfamily 
Genus Dipetalonema, Diesing, 1861. 

There seems little doubt that Diesing’s genotype, D. caudispina, is a 
synonym of Filaria gracilis Rudolphi, shown to be congeneric with Acantho- 
cheilonema dracunculoides Cobbold (Boulenger, 1920); must 
therefore supersede Cobbold’s generic name. 


Dipetalonema gracile (Rud., 1809). 
c.s.M. From Cebus capucinus. Locality, Zoological Gardens, Gizeh. 


Dipetalonema evansi (Lewis, 1882). 
635. From camel, vas deferens. Loc., Cairo. 
c.s.M. From camel, vas deferens. 
These worms agree in every way with those described by me (1924) from 
camels in India. 
Dipetalonema australe (v. Linstow, 1897). 


578. From Halmaturus sp., thoracic cavity. 

The specimens from Halmaturus agree very closely, both in their anatomical 
characters, and in their general size and the measurements of the principal 
organs, with the worms from Petrogale described by v. Linstow (1897) under 
the name of Filaria australis. Baylis (1925) is undoubtedly correct in his 
generic identifitétion of the species, based on the study of a form obtained 
from the grey opossum (Trichosurus vulpecula); he figures, however, the caudal 
extremity of a male specimen in which the measurement of the longer (left) 
spicule differs from that given by v. Linstow, and in which the arrangement of 
the caudal papillae appears also different from that of the type specimens. 
The worm from the Cairo collection agrees in these characters far more closely 
with the description of the type than with that given by Baylis, and it seems 
possible that he was dealing with a closely allied species and not with F. australis. 
I have attempted below to give a complete description of this interesting 
form. 

Males 105 to 110 mm., female 270 mm. in length; maximum thickness 
of body 0-4 to 0-72 mm. Cuticle finely striated transversely. Body tapering 
towards each extremity, especially marked posteriorly. 

Head with a maximum breadth of about 0-07 mm. appearing rounded when 
viewed laterally, blunt in a dorsal or ventral view (Figs. 1 and 2). Head papillae 
inconspicuous, there appear to be two lateral and four submedian papillae. 
Oesophagus 2-1 (3) to 2-6 (2) mm. in length, the division into anterior and 
posterior regions not apparent. 

Male cloaca 0-7 mm. from the posterior end, tail narrow and elongated, 
terminating in a rounded extremity. Four pairs of preanal and five pairs of 
postanal papillae, the latter close together, just behind the cloaca (Fig. 4). 

Parasitology xx 3 
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Lateral appendages or papillae close to the caudal extremity were not ob- 
served. Male spicules characteristic of the genus, the long spicule, 1 mm. in 
length, consisting of a proximal tubular region (0-45 mm. long) and of a distal 
region forming a long very slender shaft associated with a thin membrane 
(Fig. 4). Short spicule highly chitinised, 0-22 mm. in length; it terminates in 
a stout barb, behind which the dorsal side of the spicule is curiously thickened 
to form a structure which v. Linstow evidently described as an accessory 
piece (Fig. 5). 


Figs. 1-5. Dipetalonema australe. 
Fig. 1. Head; lateral view. Fig. 2. Head; ventral view. Fig. 3. Caudal extremity of female; 
lateral view. Fig. 4. Posterior extremity of male; lateral view. Fig. 5. Short spicule of male. 
(Lettering explained on p. 54. All scales denote 0-1 mm.) 


Female with vulva situated 7-6 mm. from the anterior extremity. Anus 
about 1 mm. from the posterior end; the slender tail is rather blunt at its 
extremity and provided with a tiny terminal papilla (Fig. 3). A pair of very 
inconspicuous lateral papillae occur close to the caudal extremity. 


Genus Monopetalonema Diesing, 1861. 
Syn. Politospiculum Skrjabin, 1916. 
Diesing’s genus has as its genotype M. physalurum (Bremser, 1851), a 
Filariid from the kingfishers, Alcedo amazona and A. torquata; this species was 
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incompletely described and in recent years has been generally considered as 
unrecognisable [cf. Yorke and Maplestone (1926) and Baylis and Daubney 
(1926)]. In the Egyptian collection there is a worm obtained from A. (Ceryle) 
torquata, which in its size and main characters agrees so well with the few 
measurements and anatomical features described by Diesing that it must almost 
certainly be referred to M. physalurum. This species is undoubtedly congeneric 
with the Filariid described by Skrjabin (1916) from Alcedo sp. under the 
name of Politospiculum arthricola; Monopetalonema must therefore supersede 


Politospiculum. 


Figs. 6-9. Monopetalonema physalurum. 


Fig. 6. Anterior extremity of female in half side view. Fig. 7. Oral extremity; ventral view. 
Fig. 8. Oral extremity; lateral view. Fig. 9. Posterior extremity of female; lateral view. 
(All scales denote 0-1 mm.) 


Monopetalonema physalurum (Bremser, 1851). 

c.s.M. From Ceryle torquata, abdominal cavity. 

Male 85 mm., female 355 mm. in length; maximum thickness of body 
0-67 ($) to 1:02 (9) mm. Body tapering gradually to the two extremities. 
Cuticle transversely striated and produced laterally to form narrow flanges, 
extending along the whole length of the body. 

Head 0-17 to 0-23 mm. in width, appearing rounded in a lateral view, 
distinctly blunt and truncated in a dorsal or ventral view (Fig. 7). One pair of 
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lateral and two pairs of submedian head papillae present. On either side of the 
mouth opening the cuticle is strengthened and produced forwards to form a 
large, lateral tooth or “lip,” triangular in shape with a somewhat blunt apex; 
these lateral processes project well in front of the cephalic extremity and are, 
undoubtedly, Diesing’s “labia capitis truncato-conica” (Figs. 6-8). 

Oesophagus up to 20 mm. in length, consisting of a short, narrow anterior 
region (about 0-5 mm. long by 0-07 mm. wide) and a long, very wide (0-25 mm.) 
posterior region. 

Male posterior extremity rounded and provided with distinct alae, con- 
tinuous with the lateral cuticular flanges. The posterior end of the only male 
specimen in the collection was unfortunately much damaged and the characters 
of the spicules and caudal papillae could not be ascertained. 

Vulva of female 0-75 mm. from the head extremity. Tail short and rounded 
(Fig. 9), the anus situated 0-15 mm. from the posterior extremity. Eggs 
embryonated, 0-045 to 0-05 by 0-03 to 0-04 mm. 


Genus Setaria Viborg, 1795. 

There appear to be three species of Setaria represented in the Egyptian 
collections, S. equina, S. labiato-papillosa, and a third, from Cephalophus monti- 
cola, which I take to be S. cornuta, described from a W. African antelope by 
v. Linstow in 1899 and not since recognised. 


Setaria equina (Abildgaard, 1789). 

c.s.M. From horse. Loc., Cairo. 

c.s.M. From mule. 

The type species of Setaria has been known as a common parasite of equines 
for over a century, it was, however, in the past confused with other species and 
complete descriptions and figures of it are rare. Theiler’s account (1923) is the 
most complete one and the species has also been figured recently by Yorke and 
Maplestone (1926). I do not, however, agree entirely with these authors’ in- 
terpretations of some of the specific characters, and I have, therefore, given a 
short diagnosis of the species in the same form as that of other species dealt 
with here and in a preceding publication (1921). 

Males 48 to 55 mm., females 70 to 90 mm. in length. Maximum thickness of 
body 0-4 (3) to 0-75 (2) mm. Head not separated from the body by a neck-like 
constriction, with two lateral and four submedian papillae, the latter fre- 
quently elongated and conical, forming spine-like projections from the front of 
the head. 

Peribuccal chitinous ring strong and prominent, showing only a slightly 
greater diameter laterally (0-1 to 0-12 mm.) than dorso-ventrally (0-08 to 
0-09 mm.), it is produced dorsally and ventrally to form projecting teeth 
(Fig. 11), which are blunt and not notched at their extremities, and laterally 
to form semicircular lip-like elevations (Fig. 10). Oesophagus 7-8 to 11 mm. in 
length, the anterior, narrow region 0-53 to 0-8 mm. long. 
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Male tail rather short, the cloaca situated 0-14 to 0:15 mm. from the 
posterior extremity, the latter rounded and provided laterally with incon- 
spicuous papilla-like appendages. Four pairs of preanal and four pairs of 
postanal papillae. Spicules very unequal, the long spicule, 0-63 mm. in length, 
consisting of a well-chitinised, tubular, anterior region, 0-29 to 0-35 mm. long, 
and of a posterior region largely membranous, but chitinised at its two ex- 
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Figs. 10-13. Setaria equina. 


Fig. 10. Oral extremity; lateral view. Fig. 11. Oral extremity; dorsal view. Fig. 12. Anterior end 
of female; lateral view. Fig. 13. Male spicules; lateral view. (All scales denote 0-1 mm.) 


tremities (Fig. 13); the short spicule well chitinised, 0-14 to 0-16 mm. in length 
in side view presenting a somewhat oblong shape (Fig. 13). 

Female tail with its extremity appearing obliquely truncated when viewed 
laterally, and provided with a terminal knob, the cuticular surface of which is 
sometimes smooth, sometimes slightly “chagrined”; a pair of rounded caudal 
appendages are situated 0-045 to 0-07 mm. from the extremity. Anus 0:5 to 0-6 
mm. from the posterior end. Vulva 0-47 to 0-5 mm. from the anterior extremity. 
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Setaria labiato-papillosa (Aless., 1838). 


630. From Tragelaphus, abdominal civity. Loc., Sudan. 
c.s.M. From cattle, abdominal cavity. 
c.s.M. From Bos, peritoneum. Loc., Cairo. 


Setaria cornuta (v. Linstow, 1899). 


636. From Cephalophus monticola. Loc., West Africa, 

The worms from Cephalophus agree very well with v. Linstow’s species in 
their general measurements, in the structure of the cephalic extremities, and 
in the character of the female tail, with its blunt appendages and indented 
(“becherartig eingezogen”) terminal knob. I think there can be little doubt 
that they should be referred to S. cornuta in spite of the fact that they differ 
from the type specimens, as described by v. Linstow, both in the measurements 
of the spicules and in the position of the female opening; the structure of 
Filariid male spicules are frequently difficult to elucidate, and the position of 
the vulva, 1-38 mm. from the anterior extremity, must have been given in 
error, being nearly twice as far back on the body as in any other species of 
Setaria from ruminants. 

Male 53 mm., female 125 mm. in length, maximum width 0-6 to 0-9 mm. 
Head rounded, not separated from the body by a neck-like constriction. 
Submedian head-papillae small and rounded, lateral papillae quite incon- 
spicuous. 

Peribuccal chitinous ring low, much elongated dorso-ventrally (in this 
aspect measuring 0-13 to 0-15 mm.) and produced to form prominent dorsal 
and ventral teeth (Figs. 14-15), each notched at its extremity as in S. labiato- 
papillosa. 

Oesophagus divided into two parts, the anterior, narrow region having a 
length of 0-53 to 0-65 mm. 

Male cloaca 0-15 mm. from the posterior extremity. Four pairs of preanal 
and four pairs of postanal male papillae. Long spicule 0-32 mm. in total 
length, consisting of a well-chitinised proximal, tubular region, 0-2 mm. long, 
followed by a terminal region which is partly membranous (Fig. 18), the whole 
structure recalling that of S. labiato-papillosa. Short spicule curved, well 
chitinised, and measuring 0-18 mm. in length, it appears narrower anteriorly 
than posteriorly (Fig. 18). 

Anus of female 0-68 mm. from the posterior extremity, the latter with a 
smooth terminal knob, distinctly indented at its apex (Fig. 17), caudal ap- 
pendages in the form of small, blunt papillae, 0-03 to 0-045 mm. from the 
extremity. The position of the vulva is rather far forwards, being only 0-22 to 
0-25 mm. from the anterior end (Fig. 16). 


4 
| 
i 


C. L. BouLENGER 39 


Figs. 14-18. Setaria cornuta. 


Fig. 14. Oral extremity; dorsal view. Fig. 15. Oral extremity; lateral view. Fig. 16. Anterior end 
of female; lateral view. Fig. 17. Caudal extremity of female; lateral view. Fig. 18. Posterior 
end of male; lateral view. (All scales denote 0-1 mm.) 


Genus Hamatospiculum Skrjabin, 1916. 
Hamatospiculum quadridens (Molin, 1858). 
Syn. Filaria foveata Schneider, 1866. 
Filaria megacantha Leidy, 1887. 


c.s.M. From Asio accipitrinus (A. brachyotus). 

The material consists of five females and one male; these almost certainly 
belong to the species described by Schneider (1866), from the same host, as 
Filaria foveata; Railliet and Henry (1916) have pointed out that this must be a 
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synonym of F. quadridens Molin, 1853. The species is evidently congeneric with 
F. brasiliana Stossich, 1897 (F. insignis Schneider, 1866), for which Skrjabin 
(1916 a) created the genus Hamatospiculum. 
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Figs. 19-25. Hamatospiculum foveatum. 

Fig. 19. Oral extremity; lateral view. Fig. 20. Oral extremity; dorsal view. Fig. 21. Anterior end 
of female; lateral view. Fig, 22. Posterior end of male; lateral view. Fig. 23. Posterior 
extremity of male; ventral view. Fig. 24. Short spicule of male. Fig. 25. Transverse section 
of long spicule of male. (All scales denote 0-1 mm.) 


The following diagnosis is based on the specimens from the Cairo collection. 

Male 30 mm., females 65 to 86 mm. in length; maximum thickness 0-6 mm. 
(3) to 13mm. (2). The rather stout body tapers very gradually to the two 
extremities, slightly more anteriorly than posteriorly. Cuticle transversely 
striated, raised at intervals to form inconspicuous nodules, varying much ii in 
the extent of their development in different individuals. 
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Head with one pair of lateral, and four pairs of submedian papillae. Cuticle 
of the mouth region much thickened and produced to form two, laterally 
situated, blunt, projecting teeth (Figs. 19 and 20). 

Oesophagus 8-5 mm. (3) to 12 mm. (9) in length, markedly divided into 
two regions, the anterior relatively short (0-37 to 0-4 mm.) and narrow (0-06 to 
0-1 mm.), the posterior very long and broad (0-3 to 0-45 mm.). 

Male posterior extremity rounded, with narrow alae (Fig. 23), cloaca about 
0-1 mm. from the end of the tail. Four pairs of pedunculated preanal papillae, 
followed by a pair of papillae at the cloacal level, and about five pairs of post- 
anal papillae, of which one pair is more laterally situated than the others 
(Fig. 23). Spicules very unequal, the short spicule fairly stout and curved, 
measuring about 0-3 mm. in length (Fig. 24), the long spicule (Fig. 22) more 
than 2-5 mm. in length (the tip broken in the only specimen), and consisting 
of a slender, tubular shaft provided with membranous alae (Fig. 25), curled 
ventrally. 

Vulva of females 0-7 to 1 mm. from the anterior extremity, situated on a 
projecting papilla (Fig. 21). The vagina (2-7 to 3 mm. long) runs straight back 
and divides into two parallel uteri. Anus very inconspicuous, almost sub- 
terminal. The short tail is rounded and a little broader than the head. 

Eggs embryonated when laid and measuring 0-051 to 0-058 x 0-03 mm. 


Genus Dicheilonema Diesing, 1861. 
Syn. Contortospiculum Skrjabin, 1915. 
Dicheilonema nodulosum (Rudolphi, 1820). 

c.s.M. From Lanius excubitor, “sub. cut.” Loc., Cairo. 

The material was represented by numerous fragments and one complete 
female specimen; in its structure this specimen agrees fairly well with the de- 
scription given by Monnig (1923) of a rather larger worm from Dendromus 
chrysurus; its measurements, however, come closer to those given by Seurat 
(1915). The latter was undoubtedly wrong in describing the oesophagus as not 
divided into two regions. I have given the principal measurements and some 
figures for comparison (Figs. 26-28). 

Female 60 mm. in length, maximum width of body about 0-9 mm. O¢eso- 
phagus 7-25 mm. long, the narrow anterior region having a length of 0-35 mm. 
Vulva 1-15 mm. from the anterior extremity. Anus subterminal. 

Yorke and Maplestone (1926) refer this worm to Skrjabin’s genus Contorto- 
spiculum. I have provisionally accepted this position for F. nodulosa, but have 
followed Baylis (1926) in considering Contortospiculum as a synonym of 
Dicheilonema. 

Genus Serratospiculum Skrjabin, 1915. 
Serratospiculum tendo (Nitzsch, 1857). 
633. From Falco peregrinus, air-sacs. Loc., Gizeh. 
This species has been recently figured by Yorke and Maplestone (1926). 
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Subfamily DrPLoTRIAENINAE. 


I have followed Yorke and Maplestone (1926) in limiting this subfamily to 
the single genus Diplotriaena. 


Genus Diplotriaena Railliet and Henry, 1909. 

Owing to the characteristic trident-like structure embedded on each side of 
the oesophagus, this is perhaps the most easily recognisable of all the genera 
of Filarioid worms. On the other hand, it is not an easy matter to distinguish 
the very numerous species which have been referred to the genus, the majority 
of which have been incompletely and imperfectly described. In addition to 
the type species, D. ozouxi, Railliet and Henry (in Henry and O’Zoux, 1909) 


26 LT. 27 
28 


Figs. 26-28. Dicheilonema nodulosum. 
Fig. 26. Anterior end of female; lateral view. Fig. 27. Oral extremity; lateral view. Fig. 28. 
Posterior extremity of female; lateral view. (All scales denote 0-1 mm.) 


placed thirteen species in their new genus, namely: D. abbreviata (Rud., 1819), 
D. affinis (Rud., 1819), D. attenuato-verrucosa (Molin, 1858), D. chamoensis 
(Parona, 1889), D. filiformis (Molin, 1858), D. flabellata (v. Linst., 1888), 
D. macrophallos (Parona, 1889), D. obtusa (Rud., 1802), D. paronai (Stossich, 
1897), D. pungens (Schneider, 1866), D. quadriverrucosa (Molin, 1858), D. 
spermospizae (v. Linst., 1879), and D. tricuspis (Fedtsch., 1874). Of these 
D. chamoensis appears to be a new name for F’. bhamoensis Parona, 1889. 
Schmerling’s table of species of Diplotriaena (1925) contained also the 
following, not included in Railliet and Henry’s list: D. artemisiana Schmerling, 
1925, D. bargusinica Skrjabin, 1917, D. sokolowi Skrjabin, 1916, D. tinamicola 
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Skrjabin, 1916 and D. monticelliana (Stossich, 1890), whilst in Yorke and 
Maplestone’s text-book (1926) we find, in addition, D. diucae Boulenger, 1920, 
D. falconis (Connal, 1920) and D. pyromelanae Yorke and Maplestone, 1926. 
With the exception of D. macrophallos from Varanus salvator [shown by Baylis 
and Daubney (1922) to have been included in error in the genus Diplotriaena] 
all these species are parasites of birds; there are, therefore, at least twenty 
species to be considered by anyone dealing with a collection of avian Filariids, 
most of them incompletely described, and recorded on single occasions. As a 
result it has become almost a habit to describe as new any Diplotriaena which 
does not readily conform with one of the better known species, or which has 
been obtained from an unusual host. 

For the Cairo collections ten tubes contained worms obviously belonging 
to the genus Diplotriaena, and collected from birds identified as species of six 
genera: Hirundo, Turdus, Sylvia, Lanius, Corvus and Coracias; one tube, 
however, was labelled “Varanus niloticus,” probably in error. I have attempted 
to fit all these forms into known species of the genus, in some cases even where, 
at first sight, certain specific characters do not seem to conform exactly with 
those of the type specimens. 

The chief characters which have been used to distinguish the different 
species of Diplotriaena are the following: (1) length of body, particularly in 
the female sex; (2) character of cuticle, whether striated, unstriated or pro- 
vided with bosses; (3) structure of oesophagus, simple or divided into two 
regions; (4) position of vulva in female; (5) measurements of the two unequal 
male spicules, and (6) number and arrangement of the male caudal papillae. 
Of these characters the last strikes me as the most unsatisfactory, the number 
of pairs of male papillae given by different investigators for the various species 
varying from 0 to 13; in most other genera of Filariids the number and arrange- 
ment of the male caudal papillae appear to be constant or to vary within 
narrow limits only. Those of the species of Diplotriaena are notoriously difficult 
to make out, being mostly very small and inconspicuous, their elucidation 
being, in some forms at least, rendered more difficult still by the presence on 
the male tail of irregularly arranged cuticular bosses which are easily confused 
with the true male papillae. It appears, therefore, that much reliance cannot 
be placed on the accounts of the caudal papillae given by the various authors; 
as far as I can make out from a study of numerous species, there are constantly 
four pairs of preanal papillae arranged in two oblique rows in front of the 
cloaca, these being followed by two pairs of postanal papillae on the ventral 
surface of the tail, to which may be added other papillae, usually more laterally 
situated, but less constant in their number and arrangement. Of the other 
characters, used to distinguish species, the position of the female vulva seems 
to be one of the least reliable, being capable of considerable variation in some 
forms. 
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Diplotriaena tricuspis Fedtch., 1874. 

634. From Corvus corniz. 

631. From Corvus umbrinus, abdominal cavity. 

632. From Varanus niloticus, abdominal cavity. Loc., Gizeh Zool. Gdns. 

The worms from Corvus corniz and C. umbrinus are certainly to be referred 
to this characteristic species, in recent years redescribed by Seurat (1915), 
myself (1920) and Monnig (1923); tube 632 contained Filariids which I have 
also identified as D. tricuspis and was probably labelled in error. 


Figs. 29, 30. Diplotriaena tricuspis. 


Fig. 29. Anterior end of female; lateral view. Fig. 30. Posterior end of male; ventral view. (All 
scales denote 0-1 mm.) 


The species is distinguished by its large size, the females reaching a length 
of 160 to 190 mm, and measuring 1-2 mm. in maximum width, by the relatively 
small size of the oesophageal trident, 0-12 to 0-15 mm. long, by the structure 
of the oesophagus which expands suddenly, 0-2 to 0-3 mm. from the oval 
extremity, to form a posterior region at least three times as wide as the anterior 
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portion (Fig. 29), and by the great length of the two male spicules which 
measure 1-4 to 1-5 mm. and 0-8 to 0-9 mm. respectively. 

The cuticle in this species is without transverse rings, occasionally showing 
inconspicuous cuticular bosses. The female vulva is variable in position, from 
0-55 to 0-8 mm. from the anterior extremity (Fig. 29). 

In the earlier accounts of D. tricuspis male caudal papillae were said to be 
absent. Seurat and Monnig, however, mention four preanal and two postanal 
pairs. In the Egyptian specimens the four pairs of preanal papillae were clearly 
seen, and, in addition to two pairs of ventrally situated postanal papillae 
(Fig. 30), three to five more laterally situated pairs were also noticed; these 
were rather irregular in position and are perhaps to be considered merely as 
cuticular crosses and not as true male papillae. The male tail is distinctly 
expanded laterally in the cloacal region (Fig. 30). 


Diplotriaena obtusa (Rudolphi, 1802). 


629. From Hirundo savignyi, abdominal cavity. Loc., Mokattam. 

c.s.M. From Hirundo savignyi, abdominal cavity. Loc., Mokattam. 

c.s.M. From swallow, air-sacs. Loc., Bedrashen. 

The only known species of Diplotriaena recorded from swallows is D. obtusa 
(Rudolphi, 1802), the male of which was redescribed by Dujardin in 1845. The 
three lots of worms from Egypt all belong to one species which, although 
resembing D. tricuspis, undoubtedly represents a distinct form which I take to 
be the same as that so briefly described by Dujardin and of which I give a new 
diagnosis below: 

Males 47 to 63 mm., females 120 to 140 mm. in length. Body more slender 
than that of D. tricuspis, having a maximum width of 0-45 to 0-5 mm. in the 
male, and of 0-7 to 0-8 mm. in the female, tapering more anteriorly than 
posteriorly. Cuticle not transversely ringed. Head appearing rather pointed 
in a lateral view (Fig. 31), its width at the level of the trident base being 0-23 
to 0-28 mm. 

Oesophageal trident relatively larger than in D. tricuspis, having a length 
of 0-13 to 0-16 mm. Oesophagus, 2-4 to 3-5 mm. long, divided into two regions, 
the anterior narrow, 0-35 to 0-5 mm. in length, the posterior region not so 
sharply marked off from the anterior as in D. tricuspis, commencing narrow 
(Fig. 31) and only gradually widening to its full thickness of about 0-25 mm. 

In a ventral view of the male the body, after tapering towards the caudal 
end, is seen (Fig. 32) to widen again in the region of the cloaca, the latter close to 
the posterior extremity. There appear to be the usual four pairs of preanal 
papillae (Fig. 32), followed by two to four pairs of rather irregularly arranged 
postanal papillae, situated on or near the tail margin. The long, straight 
spicule measures 0-95 to 1-2 mm. in length, the short spicule 0-5 to 0-69 mm., 
the latter much twisted and forming at least two complete spirals, as in 
D. (Fig. 32). 
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Female tail rounded, anus subterminal and very inconspicuous. Vulva 
0:47 to 0-9 mm. from the anterior extremity. Eggs 0-045 to 0-05 mm. x 
0-032 to 0-035 mm. 

This species is evidently closely allied to D. tricuspis, but differs in pos- 
sessing a shorter and more slender body, in the greater size of the trident as 
compared with the size of the head, in the less marked separation of the two 
regions of the oesophagus and in the shorter male spicules. 
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Figs. 31, 32. Diplotriaena obtusa. 
Fig. 31. Anterior end of female; lateral view. Fig. 32. Posterior end of male; ventral view. (All 
scales denote 0-1 mm.) 


Diplotriaena pungens (Schneider, 1866). 

c.s.M. From Turdus sazatilis, thoracic cavity. Loc., Cairo. 

This species was described from Turdus cyaneus, Schneider stating that it 
might prove to be identical with F. obtusa Rud. The Filariids from Turdus 
saxatilis are however quite different from those just described from swallows; 
on the other hand, they agree in some important measurements with Schneider’s 
F. pungens, and I think there can be little doubt that his species is a good one. 
My material consisted of one male and two females in a good state of preser- 
vation, so that I can give a fairly complete description. 

Male 35 mm., females 68 to 72 mm. in length. Body rather slender, with a 
maximum thickness of 0-58 mm. (3) to 0-8 mm. (9), tapering gradually towards 
the two extremities, but to a greater extent anteriorly than posteriorly, the 
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head being distinctly narrower than the tail. Cuticle finely striated trans- 
versely. 

Oesophageal tridents relatively very large and strong, measuring 0-25 to 
0-27 mm. in length; their anterior extremities are blunt and project from the 
front of the head, which is pushed out to form two lateral, lip-like elevations 
(Fig. 34), this is in accordance with Schneider’s statement “das freie Ende des 
Griffs ragt lateral am Rande des Mundéffnung zahnartig nach Aussen.” 


Figs. 33-36. Diplotriaena pungens. 
Fig. 33. Anterior end of female; lateral view. Fig. 34. Head; ventral view. Fig. 35. Posterior end 
of male; ventral view. Fig. 36. Posterior extremity of female; lateral view. (All scales denote 
0-1 mm.) 


Oesophagus reaching about 5 mm. in length, conspicuously divided into two 
regions (Fig. 33), the posterior broad almost from its commencement; the 
slender anterior region is 0-34 to 0-4 mm. long. 

In this species also the male tail is expanded laterally so as to appear in a 
ventral view (Fig. 35) broader than the body just anterior to it. Schneider 
observed four pairs of preanal and three (7) pairs of postanal papillae, the latter 
on the caudal margin; in the single male specimen at my disposal I could not 
see the preanal papillae, but also counted three pairs of postanal papillae, two 
marginal the other more ventrally situated (Fig. 35). The tips of the two 
spicules were protruding from the cloaca and broken, the long spicule measured 
more than 0-7 mm. in length, the short spicule, strong and twisted in a spiral 
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of about two turns, had only the tip missing and must have measured about 
0-57 mm. 

Female tail broader than the head, anus subterminal (Fig. 36). Vulva 
0-57 to 0-65 mm. from the anterior extremity. Eggs 0-05 to 0-055 x 0-038 to 
0-042 mm. 

Diplotriaena artemisiana Schmerling, 1925. 

c.s.M. From Coracias garrula, thoracic cavity. Loc., Helouan. 

This species was described in 1925 from the same host. As the measure- 
ments given below indicate, the Egyptian worms agree fairly closely with those 
described by Schmerling; the males, however, show a number of caudal 
papillae which were not apparent in the type specimens. I have given a short 
diagnosis and some figures for comparison with the other species described in 
this paper. 
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Figs. 37, 38. Diplotriaena artemisiana. 


Fig. 37. Anterior end of female; lateral view. Fig. 38. Posterior end of male; ventral view. (All 
scales denote 0-1 mm.) 


Males 21 to 25 mm., female 40 mm. in length. Body rather stout, with a 
maximum width of 0-7 mm. in the male, 0-85 mm. in the female, tapering to- 
wards both extremities, this narrowing of the body most apparent in front of 
the vulva in the female, the anterior end of which appears somewhat conical 
(Fig. 37). Cuticle not transversely ringed. Head at the level of the base of the 
trident 0-2 to 0-25 mm. wide. 

Oesophageal trident 0-16 to 0-17 mm. in length, its blunt apex protruding 
slightly from the anterior extremity of the head. Oesophagus 4-2 to 4-8 mm. 
long, quite inconspicuously divided into two regions, the anterior 0-3 to 0-32 
mm. in length, the posterior region at its origin no wider than the anterior 
(Fig. 37), and only very gradually increasing in width to its maximum of 
about 0-2 mm. 

Male cloaca 0-07 to 0-1 mm, from the posterior extremity, tail rounded, 
without the lateral expansions so conspicuous in some other species (Fig 38). 
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Three or four pairs of preanal papillae present as well as at least one pair of 
postanal papillae, ventrally situated. The long, straight spicule has a length of 
0-65 to 0-7 mm., the shorter spicule is less twisted than in some of the larger 
species of the genus, showing one complete spiral instead of two (Fig. 38), it 
measures 0-45 to 0-5 mm. in length. 

Vulva of female 0-35 mm. from the anterior extremity. Tail, as in other 
species, very short and rounded; it has about the same width as the head. 
Eggs 0-05 to 0-058 mm. = 0-037 mm. 


Diplotriaena tridens (Molin, 1858). 
c.s.M. From Lanius collurio, thoracic cavity. 
The worms from the shrike belong to a small species of Diplotriaena which 
in many respects resembles D. diucae, D. pyromelanae and D. sokolowi, 


Figs. 39, 40. Diplotriaena tridens. 
Fig. 39. Anterior end of female; lateral view. Fig. 40. Posterior end of male; ventral view. (All 
scales denote 0-1 mm.) 


differing, however, in the shortness of the two spicules, which do not exceed 
0:58 and 0-38 mm. in length, respectively. Under the name Filaria tridens, 
Molin described a form from Lanius collurio which, although very incompletely 
diagnosed, is undoubtedly a Diplotriaena, overlooked by other workers on the 
genus; it seems highly probable that the worms from the Egyptian collection 
belong to the same species as that studied by Molin, and, since they agree 
approximately in size, I have referred them to D. tridens, in spite of the 
inadequacy of the original description. 

Males 18 to 20 mm., females 34 to 38 mm. in length. Body with a maximum 
width of 0-5 to 0-65 mm., tapering at the two extremities, rather more so 
_ anteriorly than posteriorly. Cuticle not transversely ringed. Head 0-18 to 
0-2 mm. wide at the level of the trident bases. 

Oesophageal tridents 0-13 to 0-16 mm. long, their apices not projecting 
from the head extremity (Fig. 39). Oesophagus 3-5 to 4-2 mm. in length, very 
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narrow anteriorly and gradually increasing in width, without apparent division 
into two regions (Fig. 39). 

Male cloaca about 0-065 mm. from the posterior extremity, tail not ex- 
panded laterally (Fig. 40), measuring about 0-17 mm. in width. Four pairs of 
preanal and four to six pairs of postanal papillae, some of the latter probably 
of the nature of cuticular bosses. Long spicule 0-57 to 0-58 mm. long, short 
spicule twisted in a loose spiral of one turn, and measuring 0-33 to 0-38 mm. 
in length. 

Female tail rounded, a little wider than the head, its extremity in some 
individuals showing scattered cuticular bosses; anus almost subterminal. 
Vulva 0-43 to 0-45 mm. from the anterior end. Eggs 0-05 mm x 0:03 to 
0-038 mm. 


Figs. 41,42. Diplotriaena monticelliana, 


Fig. 41. Anterior end of male; lateral view. Fig. 42. Posterior end of male; ventral view. (All 
scales denote 0-1 mm.) 


Diplotriaena monticelliana (Stossich, 1890). 


c.s.M. From Silvia arundinacea, thoracic cavity. Loc., Cairo. 

The material consists of two males only, somewhat resembling the males of 
the preceding species but differing in that the caudal extremity is expanded 
laterally as in some of the larger forms of Diplotriaena; to what extent this 
character is specific must remain uncertain for the present. The tips of the 
protruding spicules are unfortunately broken in both individuals so that their 
measurements can only be given approximately; they, however, certainly 
exceed those of D. tridens. Except for the shape of the tail, these worms 
undoubtedly resemble the males of D. diucae and D. pyromelanae?. 

In 1890 Stossich described a Filaria monticelliana from Sylvia atricapilla, a 
species regarded by him later (1897) as a synonym of F. tricuspis; I have not 

1 These two species may be synonymous; apart from the number of male papillae, the only 
important difference seems to be the position of the female vulva, given by Yorke and Maplestone 
(1926) in their diagnosis of D. pyromelanae as 1-2 mm. from the anterior end, their figure, however, 


shows this opening much further forwards, approximately in the same position as in allied species, 
about 0-3 mm. from the head extremity. 
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had access to the original paper, but if Schmerling (1925) is correct in giving the 
length of the female as 50 mm., it is obvious that the worm from Sylvia is not 
synonymous with D. tricuspis, but belongs to a much smaller species; I have 
therefore provisionally revived Stossich’s species and included in it the forms 
from Egypt. 

Males 20 to 27 mm. in length, with a maximum width of about 0-4 mm. 
Head 0-2 mm. wide at the level of the base of the trident, the latter measuring 
0-14 to 0-145 mm. in length, its apex not protruding from the cephalic 
extremity (Fig. 41). 

Oesophagus 2:5 mm. long, narrow anteriorly and gradually widening be- 
hind, without apparent division into two regions. 

Male tail expanded laterally (Fig. 42), with three or four pairs of preanal 
papillae and about four pairs of postanal papillae. Short spicule about 0-45 
to 0-5 mm. long, twisted in a loose spiral, long spicule more than 0-65 mm. 
(probably about 0-7 mm.) in length. 


Subfamily ApRocTINAE. 
Genus Squamofilaria Schmerling, 1925. 
Syn. Coronofilaria Yorke and Maplestone, 1926. 

The genus Squamofilaria was proposed by Schmerling (1925) for Filaria 
coronata Rud., 1809, a form certainly belonging to the same genus as Corono- 
filaria pillersi Yorke and Maplestone, 1926; Coronofilaria must, therefore, be 
superseded by Squamofilaria. Eucamptus obtusus Dujardin, 1845, probably 
belongs here; the generic name is, however, preoccupied. 


Squamofilaria coronata (Rudolphi, 1809). 


c.s.M. From Coracias garrula. Loc., Helouan. 

c.s.M. From Coracias garrula, conjunctiva of eye. Loc., Cairo. 

Males 18 to 19 mm., females 28 to 41 mm..in length, with a maximum 
width of 0-45 to 0-48 mm. in the males, of 1 to 1-1 mm. in the females. Body 
tapering almost equally at the two extremities. Cuticle very faintly striated 
transversely, with occasional small papilla-like bosses, varying much in their 
development. 

Head 0-09 to 0-12 mm. wide, with two lateral and eight submedian head 
papillae. Mouth-cavity funnel-shaped (Fig. 44), its opening surrounded by a 
thick cuticular collar, festooned to form six lip-like structures, varying much in 
their development in different individuals. Oesophagus simple, cylindrical and 
measuring 0-98 to 1-05 mm. in length. 

Male tail rounded and short, the cloaca situated 0-09 to 0-1 mm. from the 
extremity. A large median papilla is situated just in front of the cloacal 
opening (Fig. 45), a similar but less conspicuous median, postanal papilla could 
be seen in some specimens only. Spicules almost equal, curved, with rounded 
extremities and measuring 0-22 to 0-24 mm. in length. 


4-2 


= 
- 


52 Filarioidea 


Anus of female about 0-1 mm. from the posterior extremity (Fig. 46), tail 
rounded. Vulva 0-43 to 0-6 mm. from the head end (Fig. 43), the median 
vagina, about 3 mm. long, runs straight backwards and appears much swollen 
posteriorly just before dividing into the two uteri. Eggs 0-05 to 0-058 x 
0-032 mm. 


Figs. 43-46. Squamofilaria coronata, 


Fig. 43. Anterior end of female; lateral view. Fig. 44. Oral extremity; lateral view. Fig. 45. 
Posterior end of male; lateral view. Fig. 46. Caudal extremity of female; lateral view. (All 
scales denote 0-1 mm.) 


Genus Lissonema v. Linstow, 1903. 


Recent authorities (Railliet and Henry, 1910; Yorke and Maplestone, 1926) 
have considered Lissonema as a synonym of v. Linstow’s earlier genus A procta. 
The genotype, L. rotundatum, possesses, however, a number of characters 
which distinguish it from species of Aprocta and render it impossible to include 
it in this genus as usually defined. I have, therefore, revived v. Linstow’s 
genus, which must occupy a position between Aprocta and Squamofilaria and 
which can be defined as follows: 
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Aproctinae: mouth bordered by lateral lip-like elevations of the head 
extremity; oesophagus conspicuously divided into a short, narrow anterior 
region and a long, broad posterior region; anal opening distinct; male with one 
median, preanal, and three or four pairs of postanal papillae. Parasites of the 
general body-cavity of birds. Genotype: L. rotundatum v. Linstow, 1903, from 
Centropus sinensis. 


Lissonema rotundatum v. Linstow, 1903. 
Syn. Filaria yaba, Connal, 1912. 

562. From Centropus, thoracic cavity. Loc:, Fayim. 

The Fayim material consists of one complete male and two broken female 
specimens which agree in their general measurements and in their more salient 
characters with v. Linstow’s account of L. rotundatum, as well as with the 
worm from Centropus senegalensis described by Connal (1912) as Filaria yaba, 
obviously a synonym; in the diagnosis given below, I have, however, 
interpreted some of the characters somewhat differently. 

Male 23 mm., female about 40 mm. in length, maximum width 0-55 and 
0-8 mm. in the two sexes, respectively. Body tapering about equally to the 
two rather blunt extremities. Cuticle not striated transversely. 

Head with two lateral and eight submedian papillae. The three lips de- 
scribed by v. Linstow were not seen, the small mouth-opening appearing 
bounded by two lip-like elevations (v. Figs. 47-49), situated laterally. 

Oesophagus 5 mm. and 6-2 mm. long in the male and female respectively, 
divided into two well-marked regions (Fig. 47), the anterior short (0-35 to 
0-45 mm.) and narrow, the posterior long and from its origin at least twice 
as wide as the anterior region. 

Male tail rounded, cloaca about 0-12 mm. from the posterior extremity. 
One median preanal papilla, conspicuous just in front of the cloacal opening 
(Fig. 50), and three pairs of rather flattened and inconspicuous postanal 
papillae (Connal mentions four pairs, v. Linstow evidently missed them 
altogether). Male spicules strong and curved, with rounded extremities, 
approximately equal in size, measuring 0-19 and 0-2 mm. in length. 

Anus in female 0-2 mm. from the posterior end, tail rounded. Vulva 
1 mm. from the anterior extremity. Eggs containing embryos and measuring 
0-055 to 0-062 mm. x 0-03 mm. 


Family DRACUNCULIDAE. 
Genus Dracunculus Reichard, 1759. 
Dracunculus medinensis (Linn., 1758). 

c.s.M. From Putorius communis. 

Ina tube, labelled Putorius communis, was a single specimen of Dracunculus 
medinensis, a female measuring about 500 mm. in length. The worm agreed well 
with the published descriptions and with the figures recently given by Yorke 
and Maplestone (1926); the anterior extremity showed the characteristic 
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; cuticular thickening or “shield,” and the dorsal and ventral papillae in 
a addition to the two lateral and four submedian papillae. I wish to point out, 


however, that the former do not appear homologous with the other head- 
papillae, but to be cuticular thickenings more comparable with the, so-called, 
“teeth” or “lips,” formed as extensions of the oral cuticle in so many Filariids. 
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Figs. 47-51. Lissonema rotundatum. 
Fig. 47. Anterior end of female; lateral view. Fig. 48. Head; lateral view. Fig. 49. Head; ventral 
view. Fig. 50. Posterior end of male; lateral view. Fig. 51. Posterior end of female; lateral 
view. (All scales denote 0-1 mm.) 


EXPLANATION OF LETTERING ON FIGURES. 

An, anus; C.p., lateral caudal papilla; C.r., cuticular ring; Cl., cloaca; D.t., dorsal tooth; L., lip; 
L.AL., lateral ala of male tail; L.p., lateral head papilla; L.Sp., long spicule; L.7’., lateral 
tooth; M., mouth-opening; O., oesophagus; O.1, anterior region of oesophagus; O.2, posterior 
region of oesophagus; P.P., postanal male papilla; Pr.P., preanal male papilla; S.S., short 
spicule; S., male spicule; S.p., submedian head-papilla; 7'.p., terminal papilla of tail; 
T.. oesophageal trident; V., vulva. 
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ON A NEW GENUS OF AVITELLININE TAPEWORMS 
FROM RUMINANTS IN EAST AFRICA. 


By W. N. F. WOODLAND. 


Wellcome Bureau of Scientific Research, Endsleigh Gardens, 
Euston Road, London, W.C. 1. 


(With Plates II and III including Figs. 1-20.) 


Ow1nc to the kindness of Dr H. A. Baylis I have recently had the opportunity 
of examining portions of two species of Avitellinine tapeworms, both of which 
are new to Helminthology and both of which belong to a genus which is 
distinct from the two genera which have hitherto represented the Avitellininae. 
The material which I have examined is the property of and is deposited in 
the British Museum (Natural History) at South Kensington, London. 


Anootypus edifontaineus, gen. et sp. nov. 

This new species was collected by Mr N. C. E. Miller from an eland— 
Taurotragus oryz—at a place called Chilangali (a name I have not been able 
to trace in the Times Atlas), situated in Tanganyika Territory. My material 
consisted of a large number of pieces of strobila from different regions of the 
original worm, including the gravid, but unfortunately it did not include the 
scolex. The total length of the entire strobila (which was considerable) is 
unknown. 

The neck region. I have examined about 6 cm. of the unsegmented neck 
region, the narrowest part of which measures 0-68 mm. across and the broadest 
1-21 mm. (in alcohol). Differing from species of Avitellina and Stilesia, there 
is only a single pair of canals, situated at about the outer limits of the middle 
third of the proglottid breadth. These canals, in pieces of neck measuring 
(in balsam) 0-68 mm. across, measure only 11 x 7 microns in transverse 
section, but they increase in size posteriorly (44 x 25-6 microns in a portion 
of neck 1mm. broad). There is a single fairly thick layer of longitudinal 
muscles underlying the subcuticula and another very thin single layer of 
longitudinal fibres lying immediately under the cuticle; the medullary paren- 
chyma is very wide-meshed compared with the cortical. 

The male-mature region. The next region which requires description is 
that in which the male organs and ovaries attain maturity, the uterine organs 
still remaining relatively undeveloped (Figs. 1-4). This region is about 
2-2 mm. in average breadth and about 0-5 mm. in depth, and the proglottids 
are here only indicated by the segmented rudiments of the uterine organs in 
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the middle line, the ovaries and the genital ducts, and are extremely short 
(c. 0-02 mm.). The most noteworthy feature of the strobila in this region is 
the large number of testes in each of the two inner columns of testes, the 
two outer columns only being represented each by an attenuated single longi- 
tudinal row. The presence of four columns of testes was stated by Gough 
to be characteristic of the genus Avitellina (in the genus Stilesia, on the other 
hand, the testes are in two columns and never more than 6-deep transversely) 
and in all the species of this genus hitherto described (vide Woodland, 1927) 
the inner columns are at most 4-testes-deep transversely, but in the present 
Avitellinine worm the closely-packed testes of the two inner columns occupy 
the whole of the space between the inner wall of the excretory canal and the 
rudiments of the uterine organs in the middle and are about 7—9-deep trans- 
versely and 2-deep dorso-ventrally. The individual fully-developed testes are 
roughly about 0-08 mm. in diameter in surface view. The genital apertures 
can be seen, in older proglottids, to open midway in the length of the margin, 
and are irregularly alternate. The cirrus sacs are very elongated (about 
0-25-0-27 mm. long) and narrow (about 0-018 mm.) and extend in a straight 
line from the marginal genital atrium to the lateral nerve, i.e. about four-fifths 
of the distance between the margin and the outer wall of the excretory canal. 
Each sac contains a conspicuous (filled with spermatozoa) narrow sinuous 
cirrus tube which joins on to several coils of vas deferens at the inner end of 
the sac: the sac therefore is empty for the greater part of its length, save for 
the axial cirrus and a surrounding layer of parenchymatous cells which forms 
a kind of inner wall to the sac. The outer wall of the sac is thin, dense and 
apparently muscular, and the cirrus is extrusible to the extent of about 
one-tenth of a millimetre (in my preparations). The genital atrium is a 
distinct though narrow pit, into which both the sac and the vulva (the outer 
dilated portion of the vagina) open, the sac in front and the vulva behind. 
In surface view the cirrus sac and the vulva, in this region of the strobila, 
lie nearly in the same vertical transverse plane but the vulvae lie slightly 
though distinctly towards the posterior edges of the sacs, 7.e. in the same 
relative positions as their openings. In all cases the cirrus sacs lie dorsal to 
the vulvae—a very important feature. The vulvae are about 0-18 mm. in 
length (i.e. about three-quarters of the lengths of the sacs) and about 0-014 mm. 
in breadth, and the most dilated portions are covered with gland cells. Both 
the vasa deferentia and the vaginae pass dorsal to the large single excretory 
canal and the former pursue their course across the breadth of the proglottid 
on the dorsal side connecting with the four columns of testes. The vaginae of 
course connect with the receptacula seminis associated with the uterine organs, 
which at this stage are only slightly developed. 

In this region of the strobila the rudiments of the uterine organs, more 
anteriorly represented merely by an axial linear unsegmented thickening of 
tissue, have now assumed the form of numerous short (about 0-16 mm. in 
length) closely-packed strips of tissue, transversely disposed and showing no 
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signs of an alternate arrangement (Fig. 1). On each edge of this median 
series of strips lie, on the ventral side, the small globular ovaries, each about 
0-06 mm. in diameter, 7.e. distinctly smaller than the adjacent testes (Fig. 3). 
Each ovary, as in other Avitellininae, is connected by a short oviduct with 
the ootype (fertilisation canal) and uterine duct, the oviduct and uterine duct 
bifurcating from the ootype shortly after the latter emerges from the re- 
ceptaculum seminis. Vitellaria and shell-glands are of course entirely absent 
as separate organs. 

As already stated, there is only one pair of excretory canals, which 
doubtless represents the “ventral” canals of other Avitellininae. In this 
region of the strobila they measure about 0-12 mm. in diameter and are 
situated in the position shown in Fig. 2. Their course is slightly sinuous. 
The lateral nerves are of the usual type. The single longitudinal muscle 
layer consists of fibres, some of which are very loosely aggregated into a 
semblance of bundles. They lie immediately external to the several layers of 
thin circular muscle fibres which delimit the medulla. 

The pre-gravid region. By “pre-gravid” I wish to indicate the stage 
immediately preceding the final or gravid stage of development, the essential 
difference between the pre-gravid and the gravid conditions being the alter- 
nation from side to side of the paruterine organs in the former and the strictly 
linear non-alternating arrangement of these organs in the latter. Between 
the male-mature condition just described and the pre-gravid condition now 
to be described the principal changes which occur are the change of form of 
the individual proglottids, the complete degeneration of the testes and ovaries 
(though the cirrus sacs, vulvae and the thicker portions of the vasa deferentia 
and vaginae persist in a modified condition), the development of the uterine 
organs, and the enlargement of the excretory canals. 

The proglottids in this region measure about 1 mm. in breadth, about 
0-1 mm. in length and about 0-66 mm. in depth—they have therefore become 
narrower, longer and slightly deeper than the male-mature proglottids (Fig. 6). 

The uterine organs or, as we shall now call them, the paruterine organs 
have undergone considerable development, the course of which we shall 
indicate from the male-mature stage last described. As already stated, the 
first appearance of the series of paruterine organs is in the form of an axial 
thickening of the parenchyma. This axial thickening, in the male-mature 
stage, becomes segmented, as we have seen, and the result is a series of strips 
of tissue (Fig. 1), arranged in a straight median row, each strip indicating 
one proglottid. The next step in development is that each strip splits longi- 
tudinally so as to form a transversely-disposed very narrow sac, and these 
sacs almost at once assume an alternating arrangement, one sac remaining 
narrow on the right side and swelling slightly on the left side and the sacs 
in front and behind swelling on the right side and remaining narrow on the 
left, thus becoming slightly pear-shaped, the “stalks” of the “pears” alter- 
nating from right to left in a fairly regular manner, though occasionally two 
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or even three successive “stalks” will point to the same side of the strobila 
(Fig. 5). In further stages of development the slender pear-shaped organs 
swell out and become really pear-shaped and each organ has already developed 
on its anterior side (i.e. the side on which, in each proglottid, the cirrus sac 
is placed at the margin, the vulva being situated posterior to the sac) a thick 
pad of connective tissue, similar to those described by Gough (1911) in 
Avitellina. In surface view and in horizontal sections these sacs are seen to 
alternate (with occasional irregularities, as already explained) in position, 
alternately pointing to right and left (Fig. 6), but these sacs are also seen 
to be roughly pear-shaped and to alternate in sagittal sections (so economising 
space in both planes), one sac being dorsally placed in the medulla and the 
pointed end directed downwards and having its duct situated on the left side 
of the strobila, and the sacs in front and behind being ventrally placed and 
pointing upwards and opening on the right side of the strobila (Figs. 7, 8). 
Owing to this sagittal alternation we usually see in horizontal sections (and 
sagittal sections) of this stage of development of the strobila two pads sepa- 
rating each sac from the next in front or behind. Each of these sacs or 
paruterine organs has developed in its interior at an early stage a system of 
fibres and these fibres, at the present stage of development, have so developed 
as to constitute the walls of a small number of capsules (about 4-6) in which 
the eggs are collected. 

The two excretory canals, in this region of the strobila, have become 
much enlarged and measure roughly 0-24 x 0-10 mm. in transverse sections 
(Fig. 9). 

The gravid region. The gravid or completely developed region of the 
strobila only differs essentially from the last-described or pre-gravid region 
in one important feature but that feature is a striking one, viz. the loss of 
alternation, both in the horizontal and sagittal planes, in the arrangement of 
the paruterine organs (cf. Figs. 6 and 10). In this region of the strobila the 
gravid proglottids are, apart perhaps from the most anterior portion of the 
neck, narrower than in any other part of the strobila but at the same time 
they are longer and deeper. I have examined 20-30 mm. of the gravid strobila 
and in this region the proglottids measure about 0-66 mm. in breadth, about 
0-34 mm. in length and about 0-53 mm. in depth, so that they are approxi- 
mately cylindrical. The cirrus sacs, vulvae, receptacula seminis and their 
associated ducts still persist, though in an attenuated form. The paruterine 
organs have now assumed the form of large spherical sacs, arranged in a 
straight row in the axis of the strobila, one in each proglottis, and each, 
with its anterior pad, occupying the greater part of the medullary parenchyma 
between the two excretory canals (Figs. 10, 11). Each sac contains a small 
number of capsules containing eggs. 

Further, in horizontal sections of gravid proglottids evidently situated 
near the end of the strobila, it is to be observed that the hind wall of each 
paruterine sac becomes evaginated, usually on one or other side but sometimes 
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in the middle line, to form a smaller sac (about one-sixth of the size of the 
main paruterine organ) which is separated from the main sac by a relatively 
narrow constriction (Fig. 12, PJ). Into this smaller sac one or more of the 
capsules, with their eggs, also protrude. Lack of material prevents me from 
furnishing an explanation of this procedure but I may mention that the 
process essentially resembles that described by Gough (1911) in his Transvaal 
species of Avitellina (re-named by me A. goughi: vide Woodland, 1927), in 
which the kidney-shaped (in surface view) paruterine organ also develops 
posteriorly a “ paruterine pouch,” which ultimately contains all the “ pockets” 
(capsules, as I regard them) originally present in the main organ, which last 
dwindles and is apparently wholly absorbed in the production of the pouch. 
It also resembles the process which I have described as occurring in the ultra- 
gravid proglottids of the Italian A. centripunctata (vide Woodland, 1927), in 
which the paruterine organs actually burst into the adjacent and very large 
excretory canals, pouring into the canals whole capsules of eggs. In the 
present species the latter process probably does not occur since, although 
most of the evaginated sacs lie in contact with the inner wall of one of the 
canals, yet these canals are much too small (having diminished considerably 
in size posteriorly) for the purpose. On the other hand, these small protruded 
sacs are always in contact with the posterior surfaces of the proglottids 
(immediately abutting on the pads situated anteriorly to the paruterine organs 
of the proglottids behind) and would therefore have easy access to the exterior 
if the hind proglottids separated from the strobila. The eggs in utero are 
spherical and measure about 18-4 microns in external diameter. 

As already stated, the two excretory canals in my examples of gravid 
proglottids are notably smaller than the canals in the pre-gravid proglottids 
and only measure (in transverse sections) about 0-23 x 0-03 mm. as a maxi- 
mum. This decrease in size of the canals in the gravid proglottids is a feature 
in which this species differs from Avitellina centripunctata and A. goughi and 
probably also from A. laciniosa Blei and the other three species of this genus 
recently described by me (Woodland, 1927), and probably also from Stilesia 
globipunctata. 


Anootypus ricardi, sp. nov. 

This species was obtained from the small intestine of a ‘“‘ Waterbuck” 
(Cobus?) from Zululand in 1923, and the material examined by me consisted, 
as in the preceding species, of a number of pieces of strobila selected from 
different regions. I am unable to describe the scolex and the total length of 
the entire worm is unknown. 

The neck region. I have examined only two or three short pieces of the 
neck region, 7.e. the region showing no signs of segmentation or of solid 
organs, and the only structures visible in in toto preparations, apart from 
parenchymal and muscular tissues, are the two very narrow canals. These 
pieces of neck were narrow, only measuring 0-59-0-71 mm. in breadth. 
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The male-mature region. This region (Figs. 13, 14) measures 1-14~—1-62 mm. 
in breadth (and is thus distinctly narrower than the corresponding region of 
A. edifontaineus) and 0-3-0-4 mm. in depth in my examples, the narrower 
portions being the less developed. Segmentation is solely indicated by the 
marginal genital ducts, the ovaries and (in the more developed portions) the 
rudiments of the uterine organs. The most striking difference from the male- 
mature strobila of A. edifontaineus and of all known species of Avitellina is 
the presence of only two columns of testes—no testes being situated on the 
outer sides of the excretory canals. Further, these testes are not of the usual 
spherical form in surface view but distinctly elongated and somewhat irregular, 
and are not closely-packed but, on the contrary, separated from each other 
by considerable spaces. The testes in each of the two columns occupy laterally 
the whole of the space between the row of ventral ovaries and the excretory 
canal but, owing to their wide spacing, I doubt if they are ever more than 
5-deep transversely. This affords another sharp contrast with the condition 
in A. edifontaineus. The individual testes vary greatly in shape in my pre- 
parations and measure roughly about 44-58 microns in length by 18-33 
microns in breadth. The genital apertures are irregularly alternate and, in 
older proglottids, can be seen to open midway in the length of the proglottid 
margin. As in A. edifontaineus, the cirrus sacs are elongated (c. 0-18 mm. 
long, 7.e. about two-thirds the length of the sacs in A. edifontaineus) and 
narrow (about 0-032 mm., i.e. nearly twice the breadth of the sacs of A. edi- 
fontaineus) and extend in a straight line from the marginal genital atrium to 
the lateral nerve, 7.e. about two-thirds of the distance between the margin 
and the outer wall of the excretory canal, and they have essentially the same 
structure (Fig. 15). I have not observed protruded cirri. The dilated outer 
portions of the vaginae (7.e. the vulvae) always lie distinctly behind the cirrus 
sacs in surface view, are about the same length (so differing from those of 
A. edifontaineus), have the same structure as in A. edifontaineus and, as in 
this latter species, always lie ventral to the cirrus sacs. One conspicuous 
feature however in which the genital ducts of the present species do differ 
from those of A. edifontaineus is the presence of a well-defined cavity (PP in 
Figs. 14, 15) in the parenchyma in which the cirrus sac and vulva of each 
proglottid lie—a feature very noticeable in sections and in in toto preparations 
of older proglottids. The receptacula seminis remain undeveloped until the 
uterine organs make their appearance. 

As already stated, the rudiments of the uterine organs remain undeveloped 
in the early male-mature stage of the strobila and only appear later on, in in 
toto preparations, in the form of elongated transversely-disposed strips lying 
in the middle line. 

The ovaries, in the early male-mature stage, appear as small ovoid bodies 
(about 51 x 33 microns) lying ventrally on the inner sides of the two columns 
of testes, and they are well-developed some time before the rudiments of the 
uterine organs become visible in in toto preparations. These uterine organs, as 
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just stated, first appear in these preparations, as transversely-disposed thin 
strips of tissue, segmentally-arranged: in other words, I cannot detect a 
prior unsegmented axial core of tissue. These strips of tissue then thicken 
and dilate into narrow elongated sacs (transversely-disposed and each with 
a rudimentary pad of connective tissue in front of it) which later become 
pear-shaped and alternate in the manner which I have already described for 
A. edifontaineus. At this stage also the receptacula seminis have become very 
conspicuous (120 x 62 microns) on the outer sides of the uterine organs, and 
the ovaries and testes are largely degenerate. 

As already stated, there is only one pair of excretory canals, and these 
are not very large, measuring only 0-022-0-058 mm. in breadth in in toto 
preparations (142 x 29 microns and 128 x 55 microns in a single transverse 
section). Their course is fairly straight. There is a single well-developed layer 
of longitudinal muscles (the fibres collected into irregular bundles), and inside 
this is a thin layer of circular fibres delimiting the medulla. 

The pre-gravid region. The pre-gravid region (immediately preceding in 
development the final or gravid region) in my material measures (in the 
normally contracted condition) about 1 mm. in breadth, the individual pro- 
glottids measuring about 0-099-0-116 mm. in length and about 0-46 mm. in 
depth. This region (Figs. 16, 17) therefore is very similar in appearance to 
that of A. edifontaineus (cf. Fig. 6), the chief and in fact only important dis- 
tinction being the equality in length of the vulvae and cirrus sacs in A. ricardi, 
and a separate detailed description is unnecessary. I may however state that 
the excretory canals in this region are comparatively narrow, measuring about 
0-128 x 0-073 mm. in transverse sections, and contain an appreciable amount 
of débris (but no eggs) in their lumina, that the strobila as a whole is much 
narrower in the present species, as compared with A. edifontaineus, and that 
the paruterine organs are individually smaller and more widely spaced. 

The gravid region. This region (Figs. 18-20) which, like that of A. edifon- 
taineus, only essentially differs from the pre-gravid region in the loss of 
alternation, from side to side and dorso-ventrally, in the arrangement of the 
paruterine organs (though such alternation still persists in minor features), 
measures, in my 7m foto preparations, about 0:43-0:49 mm. in breadth and 
0-43 mm. in depth, the individual proglottids measuring about 0-21-0-24 mm. 
in length. The cirrus sacs, vulvae, receptacula seminis and their associated 
ducts still persist. The paruterine organs are very similar in form (though 
smaller in size) to those of the gravid strobila of A. edifontaineus, and the 
two excretory canals are likewise very narrow (about 0-040 x 0-172 mm. in 
transverse section). In sagittal sections through the gravid strobila, it can 
be seen that in this species, as in A. edifontaineus, alternate paruterine organs 
are situated dorsally and ventrally in the medulla respectively, and that each 
organ bears posteriorly a small evagination, dorsally-situated organs bearing 
the evagination dorsally and on the right side of the strobila (on which side 
the genital ducts of the proglottid also open) and ventrally-situated organs 
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bearing the evagination ventrally and (with the ducts) on the left side of the 
strobila. 

As compared with A. edifontaineus, the gravid strobila of the present 
species is distinctly narrower, the paruterine organs are smaller and more 
widely-spaced, and apparently usually contain only one capsule each (instead 
of several). I have not been able to ascertain, from the material examined 
by me, the exact purpose of these evaginations. The egys situated in the 
paruterine organs and these evaginations are spherical, with a thin outer 
shell measuring about 22 microns in diameter; the contained embryo measures 
about 11 microns in diameter. 


ON THE NEW GENUus Anootypus. 


The principal diagnostic characters of the genus Avitellina, as recently 
amended by me (vide Woodland, 1927), are (a) the four columns of testes 
and (5) single paruterine organ in each proglottid, the facts that (c) the cirrus 
sacs are always situated, in mature proglottids, well anterior to the vulvae, 
and that, on the right side of the strobila, the cirrus sacs, in the vast majority 
of cases, are dorsal to the vulvae, and, on the left side, ventral to them, and 
the fact that (d) the genital ducts pass dorsally to the lateral nerve and both 
dorsal and ventral excretory canals. On the other hand, the principal dia- 
gnostic characters of the genus Stilesia are (a) the two columns of testes and 
(b) the double paruterine organ in each proglottid, the fact that (c)! the cirrus 
sacs are invariably ventral to the vulvae (Stiles and Hassall, 1893; Gough, 
1911, 1913) and the fact that (d) the genital ducts pass dorsal to the nerve 
and ventral canal but ventral to the dorsal canal. 

In the present two species the corresponding features are that (a) four 
or two columns of testes may be present—a fact which indicates that the 
number of columns of testes is probably a feature only of specific value— 
(6) a single paruterine organ is present in each proglottid, (c) the cirrus sacs 
are anterior and invariably dorsal to the vulvae, and (d) the genital ducts 
pass dorsally to the nerve and the single excretory canal of each side of the 
proglottid. It is evident, I think, in view of the single paruterine organ and 
the dorsal position of the cirrus sacs relative to the vulvae, that the present 
two species cannot be assigned to the genus Stilesia. On the other hand, 
these two species agree with the genus Avitellina as regards the presence of 
a single paruterine organ but differ in having the cirrus sacs of both sides 
constantly dorsal to the vulvae instead of, as in Avitellina, only on the right 
side of the strobila. They also differ from all known species of Avitellina in 
having cirrus sacs as long as or longer than the vulvae, and they differ from 
both Avitellina and Stilesia in only possessing one pair of excretory canals 
and one layer of longitudinal muscles in the parenchyma. 


1 I cannot ascertain from the published accounts the relative antero-posterior positions of 
the cirrus sac and vulva in species of Stilesia, but it seems probable that the sacs are in every 
case anterior to the vulvae. 
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Since I regard the arrangement of the cirrus sacs relative to the vulvae 
as one of the most important and, so far as we know, constant characters 
distinguishing Avitellina from Stilesia (at least equal in taxonomic importance 
to the number of paruterine organs), I have no hesitation in proposing for 
the present two new species a third genus, showing a mode of arrangement 
of the cirrus sacs relative to the vulvae quite distinct from that to be found 
in the two older genera, and differing also in the absence of the dorsal ex- 
cretory canal and the outer parenchymal layer of longitudinal muscles. The 
new genus I propose to call Anootypus, and its diagnosis (the definitions of 
the sub-family Avitellininae and the genera Avitellina and Stilesia given in 
my recent paper—1927—being adopted?) is as follows: 

Anootypus Woodland 1928. Strobila thin (save in the gravid region) and 
narrow. A single paruterine organ is present in each proglottid. Cirrus sacs 
equal in length to or longer than the vulvae and constantly situated anterior 
and dorsal to them. Genital canals pass dorsally to the lateral nerve and the 
excretory canals. Dorsal excretory canals are absent, and the ventral canals be- 
come reduced in size in the gravid region of the strobila. A single layer of longi- 
tudinal muscles is present in the parenchyma. Type-species: A. edifontaineus. 

The two known species of Anootypus are characterised as follows: 

A. edifontaineus. Maximum breadth about 2-2mm. Four columns of 
testes, the two outer columns only being one-testis-deep transversely, the two 
inner columns being very broad (occupying the whole space between the 
excretory canals and the ovaries) and 7~9-deep transversely and very closely 
packed. The cirrus sacs are longer than the vulvae. Each paruterine organ, 
when fully developed, occupies the whole space between the excretory canals 
and usually contains two or three capsules, and bears posteriorly, in the 
gravid region, a posterior evagination. Eggs in utero are spherical and 
measure about 18-4 microns in external diameter. Habitat: intestine of 
Taurotragus oryz, Tanganyika Territory, E. Africa. 

A. ricardi. Maximum breadth about 1-6 mm. Two columns of testes only, 
situated internal to the excretory canals and very broad but the testes are 
of irregular elongated shape and very loosely packed and at most 5-deep 
transversely. The cirrus sacs are about equal in length to the vulvae, and lie, 
with the vulvae, in distinct cavities in the parenchyma. Each paruterine 
organ is relatively small, only occupying about three-quarters of the space 
between the excretory canals and usually contains only one capsule, and 
bears posteriorly, in the gravid region, a posterior evagination. Eggs in utero 
are spherical and measure about 22 microns in diameter (embryo about 
11 microns in diameter). Habitat: small intestine of “Waterbuck” (Cobus?), 
Zululand, E. Africa. 


1 The definitions of the genera Stilesia and Avitellina may be amended by excluding the 
number of columns of testes as a generic character and by including the presence of both dorsal 
and ventral canals and a double layer of longitudinal muscles in the parenchyma as additional 
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EXPLANATION OF PLATES II AND 


All figures drawn under the camera lucida. 
Figs. 1-12. Anootypus edifontaineus. 

Fig. 1 (x 17-5): the male-mature strobila from the dorsal aspect. Fig. 2 (x 27-5): transverse 
section (composite) of the male-mature strobila. Fig. 3 (x 87-5): the median portion of 
Fig. 1 enlarged and viewed ventrally. Fig. 4 (x 87-5): the cirrus sac, vagina and associated 
structures, as seen in Fig. 2, magnified. Fig. 5 (x 87-5): a further stage of development of 
the uterine organs. Fig. 6 (x 56): the “pre-gravid” strobila, viewed dorsally. Fig. 7 (x 39): 
sagittal section through the “pre-gravid” strobila, Fig. 8 (x 39): par-sagittal section (i.e. 
to one side of the median line of the strobila) through the “pre-gravid” strobila. Fig. 9 
(x 39): transverse section through the “pre-gravid” strobila. Fig. 10 (x 39): the gravid 
strobila. Fig. 11 (x 39): transverse section through the gravid strobila. Fig. 12 (x 39): 
horizontal section through two gravid proglottids, the paruterine organ of the hinder 
showing the posterior evagination of the hind wall. 


Figs. 13-20. Anootypus ricardi. 
(All figures x 39, except Fig. 15, which is x 180.) 

Fig. 13: male-mature portion of strobila from the ventral aspect. Fig. 14: transverse section 
(composite) through the male-mature strobila. Fig. 15: the cirrus sac, vagina and associated 
structures, as seen in Fig. i4, more highly magnified. Fig. 16: the pre-gravid region of the 
strobila, viewed dorsally. Fig. 17: transverse section (composite) through the pre-gravid 
region. Fig. 18: the gravid region of the strobila. Fig. 19: transverse section through the 
gravid region. Fig. 20: sagittal section through the gravid region. 


REFERENCE LETTERS. 


ANT, anterior; C, cirrus; CM, layer of circular muscles; CS, cirrus sac; EXC, excretory 
canal; FD, fertilisation duct (ootype); G, gland cells on wall of vulva; GO, common genital 
opening; GP, space between pad of the posterior proglottid and the paruterine organ of the 
anterior; 7C, internal column of testes; LM, layer of longitudinal muscles; N, lateral nerve; O, 
ovary; OC, external column of testes; OVD, oviduct; P, connective tissue pad lying in front of 
the paruterine organ; PAR, paruterine organ; PJ, posterior evagination of the ripe paruterine 
organ; POST, posterior; PP, cavity in parenchyma lodging cirrus sac and vulva; RS, receptaculum 
seminis; 7'ES, testis; UTD, uterine duct; V, vulva (outer dilated portion of the vagina); VAG, 
vagina; VD, vas deferens; X, two consecutive paruterine organs with ducts opening on the same 
side of the strobila. 
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THE ACTION OF CERTAIN DRUGS AND CHEMICALS 
ON BALANTIDIUM COLI MALM. IN CULTURES. 


By A. PRINGLE JAMESON. 
(From the Institute of Animal Pathology, Cambridge.) 


INTRODUCTION. 


Durinc the last ten or fifteen years evidence has accumulated to show that 
balantidial dysentery is probably not so uncommon as was formerly believed. 
It has been reported from the Far East—China and the Philippine Islands 
especially—from the American continent and from Europe. But despite our 
increasing knowledge of its distribution there has been little if any advance 
made in methods of treatment. A wide variety of drugs has been employed, 
but while ipecacuanha and its derivatives have been favourably reported on. 
by several workers, others have found the employment of quinine, salvarsan, 
stovarsol, benzyl benzoate, methylene blue, oil of chenopodium or some other 
fancied medication more profitable. The fact seems to be that no drug has 
been tested properly, so that it is impossible to say whether or not there is 
any specific cure for this distressing disease. It seemed desirable, therefore, 
to test various drugs and chemicals under more or less standard conditions 
in order to determine if any light can be thrown on this obscure problem. 
There are two methods of approach, (1) in vitro and (2) in vivo. Probably 
the second of these is more in favour, but there is undoubtedly much useful 
information to be gained from the first. In this connection two quotations 
from Kolmer’s (1926) Chemotherapy are of interest. “There is considerable 
evidence at hand,”’ he writes, “that substances exhibiting a marked parasiti- 
cidal effect in vitro are likely to act in a similar manner in vivo.” And again: 
““..-much valuable information may be gained by studies in vitro with mass 
cultures [of parasites].” One is encouraged in this belief by the results ob- 
tained by Dobell and Laidlaw (1926) in their work on the effect of emetine 
hydrochloride on Entamoeba histolytica. They found that a drug may be 
toxic for an organism in cultures and so may give results approximating 
closely to in vivo work, although experiments conducted on the slide give 
little or no indication that the drug is toxic. Therefore it was decided to test 
a series of substances in vitro on Balantidium coli and later repeat the series 
in vivo. A small amount of work has been done in vitro on this organism, 
notably by Walker (1913), but as his work and that of his predecessors was 
done on the slide it is doubtful if it approaches near enough to natural con- 
ditions to be of much value. The in vitro work which was to be attempted 
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in this inquiry had to be done in cultures and therefore the parasite had to 
be grown with ease and certainty in artificial media. 


The growth of B. coli in cultures has been reported by Barret and Yarbrough 
(1921) and van der Reis (1923), but as far as can be gathered from their papers 
the results were not certain and the cultures were not maintained for many 
weeks, Attempts at repeating their technique were not successful. The media 
devised by Boeck and Drbohlav (1925) for Entamoeba histolytica were tried 
and succeeded partially. Complete success attended the use of Dobell and 
Laidlaw’s (1926 a) modifications of these (see Jameson, 1927), and it has 
been found that B. coli grows readily in their inspissated horse-serum Ringer- 
eggwhite with starch—one strain, which is still growing well, having been 
maintained for over ten months (about 180 subcultures). 

As the Balantidium of the pig appears to be the same as that which 
attacks. the human gut—the greater part of the evidence points to man 
picking up his infection directly from pigs—it was sufficient to ebtain material 
for starting cultures from that host. McDonald (1922) has pointed out that 
there are two forms of Balantidium in pigs—B. coli Malmsten and B. suis 
McDonald—but the differences between these are not great, and as far as 
behaviour to drugs is concerned there is no evident difference. It was there- 
fore decided for the purposes of this paper to regard the two “species” as 
one, especially as the cultures used for this work were predominantly of the 
coli form. 

Well-established strains obtained from the caeca of freshly killed pigs were 
used. The material for inoculating the experimental tubes was obtained from 
a mixture of 24- and 48-hour cultures, and as nearly as possible the same 
amount of inoculum was used in every tube. The drugs to be tested were 
made up in | per cent. solutions in distilled water, and from this stock the 
dilutions, provided they were to be 1 in 1000 or over, were made with the 
Ringer-eggwhite (the whites of two eggs in 1 litre of Ringer’s solution). If 
dilutions of under 1 in 1000 were used the solutions were made directly in 
the Ringer-eggwhite, but as a rule little attention was paid to substances so 
little toxic as to have no effect on Balantidium coli in the strength of 1 in 
1000. About 5c.c. of fluid was used in each tube. After inoculation the 
tubes were incubated at 37° C. for three days. They were examined on the 
second and third days of incubation as growth is then at its best. No attempt 
was made to count the number of organisms present in a drop: but the con- 
dition of the cultures was judged by a rough estimate of the numbers present 
from day to day, their activity and general appearance, and the presence or 
absence of dead. A control tube was put up for every three, or occasionally 
at most four, drug-dilution tubes. Wherever possible, two strains were tested 
against one another, and almost invariably several tubes of each dilution 
were put up at the same time. No definite number of tests was done for each 
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drug. When a substance showed little of interest in the preliminary tests 
only a very few tubes were put up, whereas if the first series gave important 
results, a considerable number of further experiments were made. In all, 
26 drugs were tested, but only a few proved interesting. These alone will 
be discussed: the others will be dismissed in a few words. 


IPECACUANHA AND ITS ALKALOIDS. 


It seems natural in ‘an inquiry of this kind, where the organism concerned 
may cause dysentery in man, to test ipecacuanha and its alkaloids first. The 
results are given in Table I. It will be seen that the fluid extract of ipecacuanha 


Table I. Ipecacuanha and its alkaloids. 


alkaloid 
alkaloid 
chloride 
Emetine hydro- 
chloride 
chloride 


sulphate 


sulphate 


= 5 = = = = = = s § 
Fluid extract of O 4 ll 0 15 0 12 10 7? 12 64 183 BO 
Ipecacuanha 
Cephaeline—pure 0 3 0 3 0 8 4! 4 9 9 3 8 2 
Emetine—pure 0 3 0 3 3 3 0 3 0 
Cephaeline hydro- 0 3 oes @ 0 9 2! 12 16 50 30 
09 7 & 7 0 4 0 — 
LI = Living on third day of incubation. D = Dead on third day of incubation. 


1 Organisms few and degenerate. 


is very toxic for Balantidium, for it is not until a dilution of 1 in 300,000 is 
reached that it is able to grow with certainty. Where growth occurs in 
dilutions of 1 in 90,000 or lower, the organisms are always very few in number 
and degenerate. At 1 in 200,000 there were 18 cultures alive out of 21, and 
these all appeared to be normal. It may be said, therefore, that the fluid 
extract of ipecacuanha is almost completely toxic below 1 in 90,000 and 
completely non-toxic above 1 in 200,000; while between these points there 
is a zone of uncertainty in which the effect of the drug cannot be predicted. 
When the pure alkaloids are examined, it is found that emetine is very 
slightly toxic at 1 in 70,000—no deaths occurring but the growth is poor— 
while cephaeline is moderately toxic at that dilution. There is an indication 
that this latter drug has two points of non-toxicity; for at a dilution of 1 in 
90,000, no cultures were negative, although the growths were not good, and 
then blank cultures are found again from 1 in 100,000 to 1 in 300,000, com- 
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plete non-toxicity being found only at 1 in 400,000. It seems probable that 
the toxicity of the extract is due in the main to the cephaeline present. 

It is advisable here, perhaps, to note that it is impossible to obtain 
ipecacuanha, or the two alkaloids used, in watery solutions. When water is 
added to the fluid extract of ipecacuanha a fine precipitate is formed, but as 
this remains in suspension for a very considerable time, dilutions can readily 
be made after well shaking. It was found, however, that in any case the 
toxic principles were in the liquor and not in the precipitate. In the case of 
the pure alkaloids, which were obtained in the solid form, a small quantity 
of absolute alcohol was used as a solvent, and the solution thus obtained was 

added to distilled water. A fine precipitate is produced, but here again this 
| does not seem to interfere in any way with the efficacy of the drugs. The 
strength of alcohol was 0-6 per cent. in dilutions of 1 in 5000 and of course 
much less in the higher dilutions. As will be seen from Table III (see p. 74), 
a concentration of 1 in 100 is only slightly toxic to B. coli so that the alcohol 
present can have had little or no effect on the organisms. 

When the hydrochlorides of emetine and cephaeline are examined, that 
of emetine is seen to be non-toxic at 1 : 100,000 while in lower dilutions it 
a shows a gradually increasing toxicity, but it does not show complete toxicity 
- until relatively low dilutions are reached—below 1 : 10,000. However, in 
dilutions of 1 in 30,000 and lower the organisms alive on the third day were 
so few in number and so degenerate, that it is safe to assume that a concen- 
tration of 1 in 30,000 is toxic. Cephaeline hydrochloride is more toxic than 
_ the emetine salt, for at a dilution of 1 in 100,000 it is slightly toxic, the 
organisms, although alive, being rather degenerate. At 1 in 70,000 it appeared 
to be completely toxic; for out of 16 tubes, none showed living organisms 
on the third day, but at 1 in 50,000 a few very degenerate individuals were 
found in a few tubes. In dilutions of 1 in 90,000, five cultures out of ten were 
alive, and in these the organisms were somewhat degenerate. It would, 
therefore, appear that concentrations of between 1 in 90,000 and 1 in 70,000 
are sufficiently toxic to ensure the elimination of Balantidium coli from a 
culture. It seems probable from these results that cephaeline hydrochloride 
is slightly less toxic than the pure alkaloid, while the emetine salt is rather 
more toxic; and that cephaeline hydrochloride is more toxic than emetine 
hydrochloride. 

Through the kindness of Mr Clifford Dobell, F.R.S., of the National 
Institute for Medical Research, I was enabled to test three of the rarer 
alkaloids of ipecacuanha—isoemetine hydrochloride, methylpsychotrine sul- 
phate, and demethoxyemetine sulphate. These were available in only small 
quantities, but they appeared to be without effect on cultures in dilutions 
as low as 1 in 1000. 

Walker (1913) found that neither the fluid extract of ipecacuanha nor 
emetine hydrochloride was toxic to any degree for B. coli on the slide—dilu- 
tions of 1 in 100 showing very few deaths. At first sight it seems astonishing 
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that a drug which in cultures is potent at relatively high dilutions, should 
be so innocuous when applied directly to the organism in high concentrations. 
If the work of Dobell and Laidlaw (1926) is compared with that of Dale and 
Dobell (1917) a similar perplexing contradiction is seen. The latter found 
that, on the slide, emetine hydrochloride did not appear to be toxic for 
Entamoeba histolytica in concentrations as strong as 1 in 1000; while the 
former record that about 1 in 50,000 is a sufficient concentration in cultures 
to prevent the majority growing, a higher concentration always causing death. 
The reason for these discrepancies is hard to find, but it may be asked, in 
partial explanation at least, if it might not be that.the toxic principle in these 
drugs does not directly attack the cytoplasm, but in some way affects the 
nucleus so that division is stopped. The vegetative functions of the organisms 
are not interrupted in any way, so that treatment on the slide seems to leave 
them unharmed. When, however, the experiment is tried in cultures, no 
reproduction is possible, and after a certain lapse of time, the culture dies 
out through the senile decay of the individuals in the original inoculum. It 
is noteworthy that dividing forms are not found in cultures which contain 
sufficient of these drugs to render them reasonably toxic, giant forms are 
not uncommon, there seems to be no interference with the capture of food, 
and the body is in no way deformed. This is in marked contrast to cultures 
containing toxic quantities of arsenical compounds, for here feeding is inter- 
rupted, the cytoplasm becomes vacuolated and a peculiar deformity of the 
anterior end is seen, the “mouth” being widely agape and a finger-like pro- 
jection sticking out anteriorly. 

If the rather scanty and scattered literature on the treatment of balanti- 
diosis is examined, a small amount of evidence in favour of ipecacuanha and 
especially emetine as a curative agent will be found. In no case, unfortunately 
—and this applies to all records of treatment—was it possible to follow up 
the patient adequately, so that none of the recorded cures is certain. Brenner 
(1919) treated four cases at Kiel with powdered ipecacuanha root—1 grm. 
daily, in all 10-12 grm.—and reported cures in every case. Behrenroth (1913) 
claims to have cured one case with de-emetinised ipecacuanha; while Tixier 
(1919), Axter-Haberfeld (1913) and Relli (quoted by Brenner, 1919) employed 
emetine hydrochloride hypodermically with satisfactory results. The evidence 
is slight but it shows that in some cases cures, up to a point at least, seem 
to have been effected by the use of these drugs. The in vitro evidence 
undoubtedly indicates that emetine and especially the fluid extract of 
ipecacuanha and cephaeline, are highly toxic for Balantidium coli, and offers 
good hope, despite the unfavourable reports of some—see Dutcher (1915) 
and Lanzenberg (1918)—that, properly administered, these drugs will prove 
to be of real value in the treatment of balantidiosis. 
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ARSENIC COMPOUNDS. 


The extremely numerous organic arsenicals have long been used in the 
treatment of trypanosomiasis, and experimental work in this field still con- 
tinues. It is claimed that stovarsol (acetyloxyaminophenylarsinic acid) is 
capable of curing balantidial dysentery (see Ségal (1926) and Hermitte, 
Gupta, and Biswas (1926)) just as it has been asserted that it is practically 
specific for amoebic dysentery. There has, of course, for some time, been a 
section of clinicians who maintain that salvarsan, or some similar arsenical, 
is of curative value in amoebiasis, and Dutcher (1915) reported success in the 
treatment of balantidial dysentery with this drug. The evidence in support 
of these claims for arsenic compounds in the treatment of protozoal dysentery 
are not very satisfactory, but it is important that the subject should be 
carefully investigated. Through the kindness of Dr A. J. Ewins, of Messrs 
May and Baker, I was enabled to test a considerable range of the most recent 
organic arsenic compounds. Some of these were unsuitable for culture work 
as they were, for example, soluble only in such excess of alkali as rendered 
cultivation impossible. The results obtained from the examination of a series 
of ten phenyl-arsinic acid salts, treated more from the point of view of chemical 
structure, have already been published (see Corbet and Jameson, 1927), so 
that only a very brief survey will be necessary here. 

As will be seen from Table II, trivalent arsenicals do not seem to yield 
favourable results in culture. The majority of compounds could not be got 
into solution in the culture medium. Of the two which are given, one gave 
rise to a heavy precipitate so that little can be said regarding its toxicity, 
the other which appeared to mix perfectly with the Ringer-egg was only 
slightly toxic at 1: 1000. The pentavalent arsenicals show a considerable 
range of toxicity. Those given in Table II are well-known commercial products. 
The o-hydroxy- and the o-amino-phenyl-arsinates are more toxic, but as they 
are not so well known as those given, those interested are referred to the 
paper already mentioned. Atoxyl is the most toxic of the compounds in the 
table, but its toxicity is not great. A dilution of 1 in 7500 is completely 
toxic while 1 in 10,000 and 1 in 15,000 are more often fatal than not. A con- 
centration of 1 in 40,000 appears to be harmless, but in strengths of 1 in 
30,000 and 1 in 20,000, a certain degree of toxicity is found. Stovarsol, when 
tested as the sodium salt, was not completely toxic except in dilutions of well 
under 1 in 1000, while the acid itself at that concentration was fatal for all 
cultures tried. A simple arsenic salt, sodium arsenate, was tested and was 
not found very toxic. 

It seems evident that arsenic compounds are not particularly toxic for 
Balantidium cultures, and it would appear as if doses which would be fatal 
to the parasite, would be still more fatal for the host. 

It is, of course, possible that the organic arsenicals cannot be tested 
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satisfactorily in vitro, as the question of the alteration! of the substance in 
the body of the host to a more toxic product, may be of real importance. 
In this connection, however, it is of interest to note that Howitt (1926) in 
her in vitro work on Entamoeba gingivalis, found that arsenical drugs, espe- 
cially stovarsol, were very toxic, thus showing that arsenicals can be toxic 
in vitro. In their work on E£. histolytica, Dobell and Laidlaw (1926) found that 
stovarsol had little effect in cultures. Is it possible from the similarity of the 
results of the action of emetine, cephaeline, stovarsol and quinine (see below) 
on £. histolytica and B. coli, to speculate as to the possibility of these two 
organisms having a rather similar type of protoplasm? They both are in 
some way attracted to attack the mucous membrane of the human large 
intestine, and in cultures they both seem to respond in somewhat similar 
ways to the action of certain drugs and chemicals. 


TARTAR EMETIC. 


As will be seen from Table II this chemical is only moderately toxic, the 
point of absolute toxicity lying below 1 in 5000. 


SILVER COMPOUNDS. 


_ Walker (1913), having found by his methods that none of the drugs 
usually recommended were toxic for Balantidium coli, pointed out that silver 
nitrate was very deadly. From this he argued that silver in some less dangerous 
form than the nitrate was indicated as being a hopeful curative agent in 
balantidial dysentery. He therefore tested a number of colloidal silver com- 
pounds and came to the conclusion that in these he had found the desired 
substance. It is impossible to test silver nitrate adequately in the culture 
medium used, but two common colloidal silver compounds were tried— 
argyrol and ichthargan. The first of these had no effect in concentrations 
as strong as 1 in 1000 and was not tried in stronger solution. As Walker had 
not found this compound of great potency this was not surprising, but the 
results of the ichthargan series were remarkable. According to Walker, this 
chemical, which is silver ichthyol-sulphonate, kills Balantidium in one minute 
in a dilution of 1 in 1000, and in eight minutes in 1 in 10,000. Table II shows 
that in culture a strength of 1 in 1000 is sufficient to kill all cultures, but 
that a concentration of 1 in 5000 has no effect. It seems impossible to re- 
concile these facts with those of Walker. If organisms are killed in eight 
minutes in a solution of 1 in 10,000 strength, it is hard to understand how 
seven cultures containing twice that amount of ichthargan can grow abundantly 
for three days. There appear to be no records of in vivo work with any 
colloidal silver preparations so that it is impossible to get any light shed on 
the question from that side. In absence of any evidence in support of the 


1 There is a considerable amount of reduction going on in the culture tubes as is shown by 
the decolorisation of methylene blue. Whether this action can in any way affect arsenicals is 
another matter. 
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efficacy of these silver compounds, it is probably wise to assume that they 
are of little value. Silver nitrate, administered in enemas, has been tried in 
cases of balantidial dysentery, but although Labbé (1917) reported a cure 
by this means, others do not seem to have been successful. 


Drug Action on Balantidium 


QUININE. 


It is frequently stated that quinine is toxic for “ Infusorians” and it might 
have been expected that Balantidium coli would furnish further proof of this. 
But the contrary was found (see Table III). Quinine hydrochloride was 


Table III. Quinine, dyes, ete. 


8 

PRO ELE LDPE PEP EDL DED LD Les 

Quinine hydro- — 06 58 101 60 
chloride 

sulphate 

Methylene blue — 043 4 63 5.0 — — 

Trypan red —- 4140 — 60 - _ 


L = Living on third day of incubation. _ D = Dead on third day of incubation. 
1 Organisms few and degenerate. 


toxic in dilutions of 1 in 500, moderately toxic in 1 in 1000, and hardly toxic 
at all at 1 in 1500—see Table III. The soluble bisulphate did not appear to 
be toxic even at 1 in 500, although it is possible that this complete absence 
of toxicity might have been due to the age of the sample used. 

Strangely enough Walker (1913) found quinine much more toxic than 
any of the other ordinary protozoicidal drugs he tested, death occurring in 
60 minutes in a solution of 1 in 6001. On the other hand Dobell and Laidlaw 
(1926) state that quinine had “uncertain results” on cultures of Entamoeba 
histolytica in dilutions of 1 in 1000. Here again Balantidium closely resembles 
the dysentery amoeba in its reaction to drugs in cultures. 

Quinine has been tested clinically by a few workers. Lanzenberg (1918) 
claimed to have cured a case of balantidial dysentery by enemas containing 
0-75 grm. of the hydrochloride in 300 c.c. of water—a concentration strong 
enough, as shown in my results, to cause the death of the parasites. Dobell 
and O’Connor (1921) believe that “this method seems to offer the best chances 
of success at present.”’ If this drug is to be used, it must be employed in 
relatively very strong solutions as rectal injections, and it seems doubtful if 
an infection involving the deeper layers of the mucosa could be reached 
successfully by this means. 

1 A “hydrochlorate”’ is said to have been used, but this is surely a misprint for hydrochloride. 
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DyYEs. 


The results obtained from the examination of three dyes are given in 
Table III. Acriflavine is the most toxic, but as it is non-toxic in dilutions 
of 1 in 40,000, it would probably be of little use in the treatment of balantidial 
dysentery. Methylene blue, which has been used in cases of balantidiosis, is 
very feebly toxic and trypan red had hardly any effect on, the organisms, a 
concentration of 1 in 500 inhibiting growth in only one tube out of five. 


YATREN. 


This drug, which is “‘iodine oxyquinolin-sulphonic acid with an admixture 
of natrium bicarbonicum,” has been favourably reported on in the treatment 
of amoebic dysentery, and was in consequence tested. It is only slightly 
toxic in vitro for Balantidium, the toxic point lying somewhere between 
1 in 2000 and 1 in 5000. As it is said to be well tolerated by the intestinal 
tract, it is possible that if it were administered in considerable quantities 
both by the mouth and per rectum, it might be of value. It is much more 
toxic to the parasite than quinine, and might possibly replace this drug in 
treatment of balantidial dysentery. 


ETHYL ALCOHOL. 


The toxicity of alcohol had to be tested in connection with the solution 
of emetine and cephaeline, and the results seem to be of sufficient interest to 
warrant their inclusion in Table III. It will be seen that ethyl alcohol has 
very little effect on B. coli; indeed, three cultures lived for 48 hours in a 
1 in 20 solution. It seems to be slightly toxic in a strength of 1 per cent. and 
non-toxic in higher dilutions. 


SuMMARY. 


1. In vitro work on intestinal protozoa, employing the latest culture 
methods, seems to approach very closely to the normal conditions in the 
gut of the host. 

2. Balantidium coli is readily cultivated in a medium composed of an 
inspissated horse-serum slope covered with Ringer’s solution to which egg- 
albumen and starch are added. 

3. Tested in this medium ipecacuanha and its alkaloids emetine and 
cephaeline show a considerable degree of toxicity. 

4. Isoemetine, methylpsychotrine and demethoxyemetine are not toxic. 

5. Arsenic compounds are not very toxic, atoxyl being the most toxic 
of those tried and stovarsol hardly at all toxic. 

6. Colloidal silver compounds are at best feebly toxic. 

7. Quinine is very feebly toxic. 

8. There is evidence of a distinct correspondence between B. coli and 
E. histolytica in their reaction to certain drugs. 
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NOTES ON THE GENERA ECTOM YCES AND TERMI- 
TARIA, FUNGI PARASITIC ON TERMITES. 
By P. TATE. 


(From the Molteno Institute for Research in Parasitology, 
University of Cambridge.) 

RECENTLY (1927) I described a peculiar fungus parasitic on the fore-legs of 
a termite under the name Ectomyces calotermi n.g., n.sp. Unfortunately, I at 
the time overlooked a paper by Thaxter (1920), in which, among other fungus 
parasites of insects, he described the genus Termitaria which he founded for 
two species of a fungus parasitic on termites, and which appears to be the 
same as Ectomyces. I considered Ectomyces to be an Ascomycete; but Thaxter, 
who studied living material at different stages, says that the apothecial-like 
fructification arises by vertical proliferation from a primary pseudo-cellular 
layer of much branched and closely septate hyphae, some cells of which 
become modified and assume a chlamydospore-like appearance; and that the 
spores are successively abstricted as endo-conidia, and; in one species, are 
expelled through a terminal pore. Consequently, he considers it to be a 
Fungus Imperfectus of uncertain affinities, and apparently occupying an 
isolated position in the group Leptostromaceae. 

The two species described by Thaxter are 7. snyderi and T. coronata; 
and the chief difference between them is that in 7’. snyderi the sporogenous 
hyphae have blunt, flat, perforate terminations; while in 7. coronata the 
sporogenous hyphae are tipped by a crown of several minute, brown-tipped, 
pointed prolongations. Except for slight differences in the dimensions of 
elements of the sporodochium, the description of 7. snyderi agrees very 
closely with Ectomyces calotermi and the two forms appear to be the same 
species. The dimensions are compared in the following table: 


T. snyderi E. calotermi 
Total thickness of sporodochium 70-80 Approx. 
Basal region 18-20 
Sporogenous region 55-65 p 50-55 p 
Upper zone 25-28 u 20-25 
Diameter of sporogenous hyphae 3p 2-2-6 
Spores 35 4-5-3 x 2p 


Consequently, I consider that the name Ectomyces calotermi falls into synonymy 
with Termitaria snyderi Thaxter 1920. 

Thaxter considered it to be entirely external, and says (1920, p. 5): “No 
indication has been seen of any actual penetration of the parasite through 
the integument of the host....” In speaking of the effect of the parasite on 
the host, he says (1920, p. 7): “...although all the cells of the tissue lying 
immediately below the integument are hypertrophied, wherever the fungus 
is in contact with the host, often assuming a rather regular palisade-like 
structure, similar to that shown in Fig: 10.” The description and the figure 
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show clearly that the cells to which he referred.are those which I showed in 
Ectomyces to be haustorial cells of the fungus, each of them being con- 
nected with one of the basal cells of the sporodochium by a fine hypha which 
traverses the chitin of the host. He does not describe a central compound 
haustorium entering the host, such as I found in Ectomyces. 

Recently, Feytaud and Dieuzeide (1927) described a form on Reticuli- 
termes lucifugus Rossi, which is very closely related to 7. snyderi; and in which 
they noted the penetration of a kind of pedicel from the centre of the fungus 
through the chitin of the host. They describe the complete invasion of the 
host by fascicles of branched hyphae, presumably arising from the penetrating 
central pedicel. The fascicles of hyphae surround the fat body, which is 
altered in places, but do not invade the digestive or nervous systems; while 
the hypodermis and chitin are destroyed to permit of the penetration of the 
pedicel, and are to a certain extent altered around the breach by which the 
pedicel enters. This pedicel corresponds to what I called the central com- 
pound haustorium in Ectomyces; but the invading fascicles of hyphae were 
not present in my specimen. The layer of fungous haustoria underlying the 
region of the chitin covered by the base of the sporodochium, from the basal 
cells of which they arise, which I described in Ectomyces, is not described by 
these authors. 

According to Feytaud and Dieuzeide (1927), another species of Termitaria, 
T. thazterit, was described by Reichensperger as an external parasite on 
Eutermes and Cornitermes in Africa and Central America. 

The genus Termitaria, which was founded by Thaxter for fungous parasites 
of termites first noticed by Snyder (1915), is at present constituted by: 

T. snyderi Thaxter, 1920, on Reticulitermes flavipes, from Washington, D.C. 
and from near Boston; R. virginicus, from Washington, D.C.; R. n.sp., from 
California; R. lucifugus, Sardinia; probably Rhinotermes marginalis, Turkeit, 
British Guiana; and on Calotermes samoanus Holmgren, from Samoa. 

T. coronata Thaxter, 1920, on Eutermes morio var. St Luciae, from Grand 
Etang, Grenada, B.W.1I. 

T. thaxteri Reichensperger, on Eutermes, Hodotermes and Cornitermes, from 
Africa and Central America. 

T. sp. closely related to 7’. snyder, but not named, Feytaud and Dieuzeide, 
1927, on Reticulitermes lucyfugus Rossi, from the region of Bordeaux. 
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THE GENUS PENNELLA (COPEPODA) AS REPRE- 
SENTED BY THE COLLECTION IN .THE 
BRITISH MUSEUM. 


By W. HAROLD LEIGH-SHARPE, M.Sc. (Lonp.). 
(Lecturer in Zoology, Chelsea Polytechnic, London, S.W. 3.) 


(With 7 Text-figures.) 


Pennella Oken 1815. 


Most compilers of our standard publications on parasitic Copepoda have 
described or figured species in an obviously mutilated condition, i.e. lacking 
the head or egg-strings. 

Moreover, there are some discrepancies between the key for determination 
of species and the descriptions given by C. B. Wilson (1917), and his key 
gives some details which are not in accord with the original descriptions nor 
with my observations. 

With a view to rectifying some of these errors and omissions I availed 
myself of the opportunity of studying the excellent material in the British 
Museum. I am indebted to the Museum authorities for giving me access to 
the material and have pleasure in acknowledging the services of Miss Edith C. 
Humphreys, who executed the illustrations herein reproduced. 


DIAGNOSIS OF THE GENUS PENNELLA 9. 


Body greatly elongated and slender. Head moderately large, globose or 
nearly so, often somewhat flattened dorso-ventrally, the anterior end covered 
with numerous short, minute, tumid processes, hereafter called papillae, to 
which special attention is drawn in the figures since the differences in size, 
disposition, and arrangement are so difficult to express in words, and charac- 
teristic of each species. Posteriorly the head bears 2 or 3 cylindrical chitinous 
horns which extend obliquely backwards or are at right angles to the median 
axis of the body. Neck very long (except in two species), slender, increasing 
gradually in diameter and passing insensibly into the trunk. Trunk (genital 
segment) cylindrical, straight and often transversely ridged, bearing at its 
posterior end two very long egg-strings. Abdomen distinctly annulated, long 
and tapering to a bilobed extremity bearing a minute pair of anal laminae 
armed with long setae on either side of the anus; a row of plumose appendages 
along either side of the abdomen nearer the ventral surface (except in P. sagitta) 
branched so as to resemble the barbs and barbules of a feather. Egg-strings 
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from once to several times the body-length, straight and filiform; eggs 
numerous and uniseriate. Antennules short, three-articled and strongly 
setigerous on their anterior borders only. Antennae strongly uncinate and 
of the type characteristic of the Lernaeidae; they can usually be seen under 
a hand lens (Fig. 7). The two pairs of maxillae disappear during develop- 
ment. Thoracic legs, four pairs situated close behind the head with only a 
small interval between each pair, the first two pairs close together, the third 
and fourth pairs removed a short distance; usually the first and second pairs 
biramous, the others uniramous. 


H~ 


cm. 
2- 


Fig. 1. Pennella sagitta 9. 


The species of Pennella (the only genus included in the sub-family Pennel- 
linae) fall naturally into two groups: (A) small forms in which the neck is 
definitely shorter than the trunk (the first two of the following species) and 
(B) large forms in which the neck is definitely longer than the trunk (the 
remaining species). 

P. sagitta (Linnaeus 1758). 

Material. 1 9. 61. 5. 11. 3!, on Antennarius marmoratus deep in muscles 

behind the pectoral fin, from Chinese (?) seas. 


1 Numbers such as this cited after the specimens refer to the register in the British Museum, 
Crustacea Dept. If no number is quoted the specimen is unregistered. 
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The specimen is in fragments, but nevertheless complete (Fig. 1). 

Dimensions. Head and neck 4-8 mm., trunk 10-8 mm., abdomen 5:2 mm. 
The egg-strings are wanting. 

Diagnosis. Head bulbous, wider than long, with a dorsal shield. Papillae 
not uniform, the outer ones the larger. Horns 2, longer than the neck and 
pointing backward so as to lie nearly parallel with it. Neck from a quarter 
to one-fifth the length of the trunk. Head and neck less than half the length 
of the trunk. Abdomen about half the length of the trunk. Abdominal 
appendages more lateral than in other species. 


15- 
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Fig. 2. Pennella orthagorisci °. 


P. orthagorisci Wright 1870. 


Material. 2 99. 1926. 10. 4. 1-2, on Orthagoriscus mola, from Douglas, 
Isle of Man, collected by P. C. M. Kermode. One of these specimens is illus- 
trated in Fig. 2. 

Dimensions. Head and neck 50 mm., trunk 70 mm., abdomen 28 mm., 
egg-strings wanting. 

Diagnosis. Head cup-shaped anteriorly, longer than wide. Papillae very 
numerous and very small, not confined wholly to the anterior end of the 
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head but extending a little way round the sides also. Horns 2, extending 
diagonally outward and tapering. Neck distinctly shorter than the trunk 
and about half its width. Trunk two and a half times the length of the 
abdomen. Abdominal appendages much branched. 

Remarks. Scott and Scott (1913) state: Horns 3; abdomen fully as long 
as the trunk. Yet the only specimen they figure is headless, and has an 
abdomen a little over half the length of the trunk. 

Wilson (1917) states there may be sometimes 3 horns; trunk three times 
the length of abdomen. Yet in his key to species he says: horns 2. 

Wright (1870) figures but 2 horns. 

All authors comment on the much-branching nature of the abdominal 
appendages. 

Wilson enlarges on how his specimens differ from Wright’s description. 
I suggest that these differences, regarding some of which I agree with him, 
are due either to (1) his specimens being older than Wright’s or those in the 
British Museum, or (2) his American specimens being of a different species or 
variety, though from the same host. 


P. filosa (Linnaeus 1758). 


Material. (a) 2 99. 98. 5. 7. 1071-2 from the Zool. Sta. Naples. Coll. 
Norman. 

One of these specimens is figured in Fig. 3. 

Dimensions. Head and neck 112 mm., trunk 54 mm., abdomen 24 mm., 
egg-strings 296 mm. 

(6) 299. 69. 9. 8. 38, from Polperro, collected by J. Crouch. 

Unfortunately in neither case is the name of the host recorded, since, as 
some compilers properly remark, it cannot be assumed as a certainty that 
the Pennella from the sunfish, swordfish and tunny are of one species. This 
is obvious from the statement of Wilson (and others) that the animal has 
“two horns and often a third one.” 

Diagnosis. Head nearly spherical. Papillae of uniform size. Antennules 
and antennae plainly exposed. Horns 3, the lateral ones short and stout, 
extending diagonally outward, the dorsal one nearly as long, but half as 
wide. Head and neck a trifle more than twice as long as the trunk. Abdomen 
stout and less than half the length of the trunk. Egg-strings very long, two and 
a half times the length of the whole body. 

Remarks. Wilson states: Horns slender; egg-strings three times the length 
of the whole body; neck considerably shorter than the trunk. Milne-Edwards 
(1840) found only two short obtuse horns. 
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Fig. 3. Pennella filosa 9. 


P. exocoeti (Holten 1802). 


Material. (a) 19. 52. 10. 15. 3. Swan River Coll. From this specimen 
Fig. 4 was drawn. 

Dimensions. Head and neck 35 mm., trunk 17 mm., abdomen 10 mm., 
egg-strings 46 mm. 

(6) 19 from a flying-fish, collected by G. W. Sully. 

(c) 19 from a flying-fish, N. Atlantic, collected by H. A. Crozier. 

(d) 17 99. 1915. 4. 7. 1-17 on Exocoetus speculiger, from Barbados. (The 
specimens mentioned by Calman, with photograph.) 
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(e) 299. 1903. 5. 12. 1-2 from Barbados, collected by Rev. Watson. 

Diagnosis. Head much wider than long, flattened dorso-ventrally, deeply 
cut at the centre. Papillae few and large. Horns 2, slender, much longer 
than the head, extending diagonally outward. Head and neck twice the 
length of the trunk. Trunk very flattened dorso-ventrally. Abdomen more 
than half the length of the trunk. Abdominal appendages not much branched. 


cm. 
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Fig. 4. Pennella exocoeti 9. 


P. blainvillit (Le Sueur 1824). 


Material. (a) 1 9 from the Atlantic Ocean. 

(b) 19 ona flying-fish (presumably Ezocoetus) from 18° N. 38° W. 

Dimensions. Head and neck 57 mm., trunk 18 mm., abdomen 8 mm., 
egg-strings 51 mm. 

Wilson (1917) and others have considered this species not distinct from 
P. exocoeti because “it is found on the same host and in the same locality.” 
This reasoning, even if the facts are true, seems to me very faulty, for Lernaeo- 
poda scyllicola and L. globosa both occur on Scyllium canicula, in the English 
Channel (though in different situations on the host’s body), and Clavella 


W. H. Leicu-SHarpE 85 


sciatherica and C. iadda both occur on Gadus morrhua in the English Channel 
(with a like qualification), also C. dubia and C. brevicollis on Gadus aeglifinus, 
two species at least of Brachiella on Trigla gurnardus in the English Channel, 


and others within my experience. 
N- 
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AT 
Fig. 5. Pennella blainvillii 9. 


Diagnosis. Head bulbous, not flattened. Papillae few and small. Horns 3, 
not so slender and much longer in proportion to the head than in P. ezocoeti, 
the lateral horns extending diagonally outward and slightly curved, the 
dorsal horn three-quarters as long and curved. Head and neck three times 
the length of the trunk, which is not flattened dorso-ventrally. Abdomen 
less than half the length of the trunk (Fig. 5). 
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P. balaenopterae Koren and Danielssen 1877. 
Material. (a) 1 2 on view in the public show-case. This is the specimen 
figured in Fig. 6. 
Dimensions. Head and neck 123 mm., trunk 40 mm., abdomen 21 mm., 
expanse of lateral horns 37 mm. 


Fig. 6. Pennella balaenopterae 9. 


This is the smallest specimen in the museum and lacks the egg-strings; 
but in a following specimen which is but slightly larger the egg-strings measure 
223mm. By proportional calculation the egg-strings in Fig. 6 have been 
added as measuring 203 mm. 

(6) 19. 98. 5. 71-1073. Coll. Norman. 

(c) 5 99, one with egg-strings as mentioned above. 1912. 10. 2. 38-43 from 
Shetland, on Balaenoptera musculus, presented by R. G. Haldane. 
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(d) 19. 1911. 10. 16. 21 from 8. Georgia, presented by Dr G. Cruickshank. 

(e) 19. 1920. 7. 5.72 from open ocean 60°8. 48° N. on a fin whale. Coll. 
A. G. Bennett. 

(f) 599. 1910. 8. 9. 26-30 from S. Shetlands, presented by J. A. Mérch. 

(9) 299. 1920. 10. 21. 21-22 from 8. Georgia, on a blue whale, presented 
by the Stromness Whaling Station. 

(h) 299. 1913. 9. 8. 1-2 from 40 m. W. of St Kilda, presented by Carl F. 


Herlofson. 
(¢) 2 99. 1912. 6. 15. 21-22 from 8. Georgia on Balaenoptera, presented 
by Dr Cruickshank. 


(j) 399. 1921. 12. 23. 52-54 from Misaki, Japan, presented by A. V. Insole. 
(k) 499. 1917. 2. 15 from 8. Georgia, Hamilton’s Expedition. 


Fig. 7. Pennella filosa 9. A 1=antennae; A 2=antennules; M.=mouth. 
(Viewed under a hand-lens.) 


In collections (h) to (k) the heads are lacking. The enlarged head, Fig. 6, 
is drawn from one of the specimens (c) and the expanse of lateral horns is 
about three times that of specimen (a). Specimen (e) differs somewhat from 
the rest in being almost black in colour, instead of varying tints from yellow 
on the neck, to medium or dark brown on the trunk, and in having enormous 
lateral horns with an expanse about five times that of specimen (a). I think 
this is due to the fact that this is the only specimen in which their extremities 
are unbroken. A close inspection of an apparently undamaged specimen often 
reveals a condition at the apex of the horns of incompleteness due to crumbling 
or attrition. 

Diagnosis. Head much wider than long with small excrescences at the 
base, somewhat bilobed, causing the papillae, which are large, to be almost 
in two groups. Horns 3, the lateral pair enormous and standing out at right 
angles to the body axis, the dorsal horn is always about one-third the length 
of the others. Antennules and antennae plainly visible. Anterior end of the 
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neck enlarged. Head and neck three times the length of the trunk. Abdomen 
a fraction more than half the length of the trunk, approximately equal. 
Egg-strings more than the length of the whole body. 

Remarks. Wilson states: neck 2 times as long as trunk; egg-strings half 
the length of the whole body. The view that the length of the neck con- 
stitutes a specific character of most genera has not been favoured hitherto 
by me. This because it seemed as if the length of the neck would necessarily 
vary according to the distance the parasite burrows into the host. In this 
genus, however, after examining many specimens, e.g. P. balaenopterae, I find 
the proportional lengths of the neck and trunk to be sufficiently constant for 
specific determination. 


P. pustulosa Baird 1847. 


Material. 1 2 on Coryphaena from Australia, collected by G. F. Angas. 

This specimen is without head and egg-strings, and the pustules on the 
abdomen, which suggested its specific name, are not visible to me. The 
specimen is unregistered and it is uncertain whether this is the type specimen, 
or a co-type, or in what other relation it stands to the type. To me there is 
nothing to distinguish this fragment from P. orthagorisci or even P. balaeno- 
pterae. For further information vide Angas (1847), where it is figured with 


head and egg-strings. 


Abridged comparison of the principal species of Pennella. 


Species and 
Author 
Head 


Papillae 
Horns 


Ratio of head and neck to 
trunk (approx.) 

Ratio of abdomen to trunk 
(approx.) 

Abdominal appendages 


Egg-strings 


Species and 
Author 
Head 


Papillae 
Horns 


Ratio of head and neck to 
trunk (approx.) 

Ratio of abdomen to trunk 
(approx.) 

Abdominal appendages 
Egg-strings 


P. sagitta 
(Linnaeus) 
Bulbous, wider than 

long 
Not uniform, outer 
ones larger 
9° 


Parallel with neck 
1:3 


1:2 


More lateral than 
ventral 


P. exocoeti 
(Holten) 
Much wider than 
long, deeply cut at 

centre 
Few and large 
9 


Diagonal, slender, 

much longer than 

head 

Trunk flattened 
1:2 


Not much branched 


P. orthagorisci 
Wright 
Cup-shaped, longer 

than wide 
Numerous, small, 


Diagonal, tapering 
A little shorter 


2:5 
Much branched 


P. blainvillii 
(Le Sueur) 
Bulbous 


Few and small 


Diagonal, not slender, 
curved, very long 


3:1 


P. filosa 
(Linnaeus) 
Spherical 


Uniform 
3 

Diagonal, short, stout 
| 


i:3 


24 times length of 
whole body 


P. balaenopterae 
Koren and Danielssen 


Much wider than long, 
somewhat bilobed in 
front 

Large, in 2 groups 

3 


At right angles 


3:1 


More than length of 
whole body 
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EXPLANATION OF THE LETTERING OF THE TEXT-FIGURES. 


H.=head; N. = neck; 7r. = trunk; A. = abdomen; Os. = egg-strings; 
A.A. = abdominal appendages. 
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I. INTRODUCTION. 


Economic entomology, though it finds in science its principles and its tools, 
is itself not so much a science as an art, like medicine. As in medicine, the 
practice of the art is always to some degree in advance of the written recipes 
and rules, which hardly do more than catalogue what experience has taught. 
One consequence of this is that while certain general methods gradually 
develop, there is a considerable period during which they can be learned only 
from the practitioners of the trade; another is that their general value remains 
uncertain until their scientific basis is critically examined. Such is at present 
the situation in regard to the biological control of insect pests, where certain 
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simple and more or less standard methods now exist and are passed on from 
one worker in this field to another; but where little effort has so far been made 
to examine and analyse the scientific foundations of the work. 

Because of this insufficient development of the rational aspect of the work, 
considerable uncertainty exists in regard to the possibilities and limitations 
of the method of biological control. 

The most remarkable results seem to have been secured in closed, restricted 
and specialised environments such as the islands of the Pacific into which 
certain pests have penetrated from distant regions. In the Hawaiian islands 
a number of very serious introduced pests have been subjugated in this way, 
the sugar cane leaf-hopper (Perkinsiella saccharicida) is controlled by the 
capsid bug Cyrtorhinus mundulus Bred., the sugar cane borer (Rhabocnemis 
obscura Boisd.) by the tachinid Ceromasia sphenophori Villen., the lamellicorn 
beetle (Anomala orientalis) by a scoliid wasp and the avocado mealy-bug 
(Pseudococeus nipae) by the Encyrtid Pseudaphycus utilis aided by two 
coccinellid beetles?. 

Similarly the introduction into New Zealand of Aphelinus mali is said by 
Tillyard? to have produced a great reduction in the damage to apple orchards 
by the woolly aphis (Schizoneura malt). 

Certain successes have of course been obtained in other parts of the world 
by the importation of the predaceous and parasitic insects attacking intro- 
duced pests in their native homes. Thus, the introduction of the Australian 
ladybird (Novius cardinalis Muls.) has proved a perfect remedy for the cottony 
cushion scale of oranges and lemons (Icerya purchasi Mask.) in the United 
States, Portugal, South Africa, Egypt, Syria, Italy and the Hawaiian islands 
and has in many quarters by its unaided efforts saved the citrus industry from 
complete destruction. The black scale (Saissetia oleae Bern.) is successfully 
controlled in California by the Chalcid Scutillista cyanea Motch. imported from 
South Africa. The importations of Prospaltella berlesei How., into Northern 
Italy seems to have solved the problem of the mulberry scale, and in the opinion 
of the agricultural officials with whom the writer has discussed the matter 
actually saved the Italian silk industry from ruin. 

The history of the majority of the other attempts at biological control in 
continental areas is however less decisive and seems to have given rise in the 
minds of some thoughtful and distinguished entomologists with whom the 
writer has discussed the subject to serious doubts as to whether the method is 
likely ever to be really successful in regions of this type. 

The importance of the question thus raised is obvious. The islands of the 
Pacific, even including New Zealand and the great island of Australia are of 
relatively little importance as centres of human civilisation and human activity 
compared to the great continental areas of the Old and New World. It is 


1 Imms, A. D. (1926). The Biological Control of Insect Pests and Injurious Plants in the 
Hawaiian Islands. Ann. Appl. Biol. 13. 
* Insects in Relation to the New Zealand Food Supply. The Mid. Pacific (undated reprint). 
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between these vast areas with their rich agricultural lands and forests, devoted 
to the production of the substances with which man is nourished, clothed and 
housed, that there occur the most dangerous and devastating migrations of 
injurious organisms. It is in these areas with their high civilisations and their 
admirable technical facilities that the biological method of control can be most 
efficiently practised and the disastrous effect of insect invasions thus prevented. 
It is therefore important to decide, if possible, whether the practice of this 
method is likely to be of any value in continental regions. This paper is devoted 
to a study of this question in so far as it can be attacked by the consideration 
of exchanges between the areas of Europe and North America, for it is only in 
regard to these areas that we possess data sufficient to make the study of the 
problem profitable. 


II. OpsEcTIONS TO THE METHOD IN CONTINENTAL AREAS. 


The most obvious objection to the method of parasitic introduction against 
pests exchanged by Europe and North America is probably derived from a 
comparison of the faunas and floras of these regions, which are in many ways 
very similar. The indigenous insect faunas of Europe and North America have 
in common not only the principal families of injurious insects but also many 
of the principal genera, containing closely related species. Thus the genera 
Thrips, Aphis, Chermes, Aleyrodes, Aspidiotus, Pieris, Lasiocampa, Agrotis, 
Plusia, Pyrausta, Melolontha, Phytonomus, Dendroctonus, Lophyrus, Pontania, 
Culex, Anopheles, Simulium, Cecidomyia and many others are found in both 
the Nearctic and Palaearctic regions. What is true of the injurious insects is 
true of their parasites. Many genera comprising a number of more or less 
polyphagous species, are common to both Europe and North America. Finally, 
the interrelations between hosts and parasites are also very similar. In both 
regions there exist a large number of species of Braconids, Ichneumonids, 
Chalcids and Tachinids, belonging to the same or similar genera, attacking 
similar hosts. Many of these parasites, as has already been stated, are dis- 
tinctly polyphagous in habit, as for example, Habrobracon, Apanteles, Micro- 
gaster, Macrocentrus, Chalcis, Pteromalus, Encyrtus, Aphycus, Ophion, Limneria, 
Pimpla, Tachina, Exorista, Winthemia, etc., etc. 

Thus when we compare the conditions in the Palaearctic and Nearctic areas 
we find not only similar groups of phytophagous insects but similar groups of 
parasitic forms, whose relations with their hosts are also similar. 

It therefore seems that the transfer of a phytophagous insect from the 
Palaearctic to the Nearctic region and vice versa, should not produce any 
marked change in its economic status, in so far as this is regulated by its natural 
enemies, since there exists in both regions a variety of similar parasitic species, 
of polyphagous but similar habit, apparently sufficient to replace automatically 
those by which the introduced insect was controlled in its native home. In 
such a case it would, of course, be futile to attempt the introduction of its 
parasitic enemies in the country of origin, for it may be taken as an axiom in 
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parasitic work that two species having the same habits and attacking the host 
in exactly the same way accomplish no more than one, being in fact for all 
practical purposes exactly like different individuals of the same species. This 
view was actually taken by the well-known American entomologist Fernald 
in 1896, when the importation into America of the parasites of the gipsy moth 
was first being considered. “There is no reason,’ wrote this author’, “why our 
hymenopterous parasites may not prove to be quite as effective as those of 
any other country, since there is no parasite known which confines itself 
exclusively to the gipsy moth, and, as has been shown, we have several species 
which attack it as readily as any in its native country,” a statement that was 
probably responsible in part for the delay in the inauguration of the work of 
importation. 

The writer of this paper, in a study of the phenomenon of adaptation in 
the parasitic Diptera” advanced a very similar thesis, basing it upon the argu- 
ment that the possibility of development in several hosts must indicate not 
merely an adaptation to the several particular species attacked, but a general 
adaptive potentiality. Species found attacking several hosts would thus be 
capable of extending their host list almost indefinitely, provided certain purely 
accidental restrictions were removed. 

Another argument for the thesis we are considering is to be found in the 
behaviour of certain hyperparasites as described by Howard and Fiske®. 

From the cocoons of Apanteles fulvipes imported into the United States, 
some twenty-five species of secondary parasites were reared in considerable 
numbers. Great care was taken to prevent the escape of these forms, in whose 
absence the rapid multiplication of the Braconid was expected. However, after 
the establishment of the species it was found that the cocoons of fulvipes were 
attacked to practically the same extent as in its native home by an almost 
equally great variety of hyperparasites, belonging to species very similar to 
those attacking the Braconid in Europe and Japan. The native parasites of 
Apanteles fulvipes were thus automatically replaced by the polyphagous species 
indigenous to its new home. Similar results have been obtained in the case of 
other imported parasites. 


III. Tue BrotogicaL Conrrot or Native Insects In CONTINENTAL AREAS. 
A. The Factors effecting Control. 

The significance of these objections can be best tested and the value of the 
biological method of control in continental areas best appreciated by the study 
of some concrete examples. Three cases among these most carefully investi- 
gated up to the present are those of the European corn borer (Pyrausta nubi- 
lalis Hiibn.), the gipsy moth (Porthetria dispar L.) and the alfalfa weevil (Phy- 
tonomus posticus Gyll.). All these insects have found their way from Europe to 


1 Cited by Howard and Fiske (1911). Bureau Entomol. Bull. No. 91, p. 49. 
2 (1923). Bull. Biol. France et Belgique, Paris, pp. 174-237. 
3 L.c. pp. 198 et seq. 
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America where they have caused more or less severe damage. The first of these 
is a Lepidopterous stalk borer, attacking corn, broom corn, millet, hops, hemp 
and various garden crops, the second is a Lepidopterous leaf-feeder injurious to 
forest trees, the third is a Coleopterous leaf-feeder found on alfalfa or luzerne 
(Medicago sativa). Because of its systematic and ecological diversity it should 
be possible to draw from the study of this group of insects some fairly general 
conclusions as to the problem under discussion. 

Taking these insects in the order given we will first consider their status in 
their native home, together with the nature and mode of operation of the 
factors involved in the maintenance of this status, and next the results 
following their introduction into America. 

The European corn borer was accidentally introduced into America about 
the year 1910 and discovered there in 1917. In 1919 an investigation of the 
status and controlling factors of the insect was begun in Europe, and has been 
carried on in a number of different regions until the present time. The results 
of this extensive study have been given in some detail in a paper which is now 
in course of publication?. 

Pyrausta nubilalis is very generally distributed over Europe. In regions 
where the summer temperature permits of the successful cultivation of corn, it 
chiefly attacks this crop, though it is sometimes found in broom corn, hemp, 
millet and hops, while in areas north of the corn belt, at least in Western 
Europe, it lives for the most part in weeds, its principal host being Artemisia 
vulgaris L. 

In certain sections of the corn-growing areas of Central Europe, as for 
example in the Bacska district (Hungary) and the region of Mezihegyes, the 
European corn borer is sometimes very abundant, causing serious injury, 
possibly because in these areas, where fuel is scarce, the infested corn stalks 
are often left in stacks in the fields until after the emergence of the adult moths. 
Sporadic outbreaks with economic damage have occasionally been recorded in 
other areas; but in most years and in most parts of Europe, Pyrausta nubilalis 
attracts little attention and cannot be considered as a permanent pest. In a 
word, over the greater part of its European habitat this insect is normally 
controlled by environmental factors. 

Certain causes of mortality appear to be relatively constant over the 
majority of the cultivated areas inhabited by P. nubilalis. Thus, in the greater 
part of the European corn belt, weed areas in which the borer can multiply are 
rare; the corn plants are usually “topped” above the highest ear while still 
green, to provide forage for cattle; the stalks are cut close to the ground, leaving 
only a very short stubble and destroyed so completely in one way or another 
during the course of the winter that before the new corn emerges from the 
ground it is usually impossible to find any larvae in the field. Again, in all the 
areas in which the insect has been so far studied there occurs a very high 
mortality, which may be estimated conservatively at from 80 per cent. to 

1 Thompson, W. R. and Parker, H. L. (1928). U.S. Dept. Agr. Bur. Ent., Tech. Bull. No. 59. 
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95 per cent., but which can at present be referred to nothing but the intrinsic 
fragility of the Pyrausta larva during the early stages of its existence. 

In addition to these more or less constant factors there exist others which 
are probably of no less importance, but which vary greatly in the various 
bioclimatic zones inhabited by the insect. 

Among the most important of these factors are those of the meteorological 
order. Variations in temperature, wind and rainfall during the periods of 
hibernation, pupation and oviposition are correlated with important dif- 
ferences in the mortality in these various stages and the intensity of the 
infestation by the following generation. The rarity of the insect in North- 
western Spain, Brittany and the British Isles bears apparently some relation 
to the well-marked maritime climate of these regions, the distribution of the 
rainfall being probably the critical factor. The effect of the meteorological 
factors in the various zones inhabited by the corn borer has not yet been 
precisely evaluated. 

Concerning the second main group of variable controlling factors, i.e. those 
of the parasitic order, we now possess a considerable mass of quantitative data 
based on the collection and dissection of large numbers of caterpillars and 
pupae during a number of years. 

During the course of this work the following species of parasites have been 
found attacking Pyrausta nubilalis. 


Parasites of the egg. 


l. Trichogramma evanescens W. 


Parasites of the larva. 


2. Masicera senilis Meig. ll. Ezeristes roborator F. 
3. Zenillia roseanae B. and B. 12. Habrobracon brevicornis Wesm. 
4. Nemorilla floralis F. 13. Microgaster tibialis Nees. 
5. Nemorilla maculosa M. 14. Apanteles thompsoni L. 
6. Ezxorista mitis M. 15. Macrocentrus abdominalis F. 
7. Eulimneria crassifemur T. 16. Chelonus sp. undet. 
8. Angitia punctoria Rom. 17. Eulophid sp. undet. 
9. Campoplex sp. undet. no. 1. 18. Perezia pyrausta Paill. 
10. Campoplex sp. undet. no. 2. 19. Leptomonas pyraustae Paill. 
Parasites of the pupa. 
20. Phacogenes planifrons Wesm. 21. Theronia atalantae Poda. 


These are all insect parasites with the exception of Perezia pyrausta Paill. 
and Leptomonas pyraustae Paill. which are Protozoa. 

The percentage of parasitism by the various species in several different 
bioclimatic zones inhabited by P. nubilalis is represented in Figs. 1-4 in which 
the various species are designated by numbers and the percentage of parasitism 
indicated as a sector of the circle. 

A study of these results shows clearly that the control of Pyrausta nubi- 
lalis is not due to any simple cause but is produced by a complex group of 
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Fig. 1. Fig. 2. 


Fig. 3. Fig. 4. 


Figs. 1-4. Graphs showing the action of the controlling factors of Pyrausta nubilalis Hiibn. in 
(1) the Mediterranean coastal zone; (2) the Po Valley; (3) the zone of Eastern Brittany; (4) the 
region of Lille in Northern France. An arc equal to 0-01 of the circumference of the circle represents 
a parasitism of 1-0 percent. The numbers correspond to the list of parasites on p. 95. The sector S 
represents the fraction of the host population which must survive if the population is to remain 
stable. The sector X represents the non-parasitic factors of control. 


factors. The composition of this group of factors is not constant, but varies - 
both quantitatively and qualitatively in the different zones inhabited by the 
insect and even—it may be said in parentheses—in different years and genera- 
tions in the same zone. The mortality due to the parasitic factors, in 
particular, in almost every region studied, is due to a characteristic group 
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of species, hardly any two of which appear to find their ecological optimum 
in the same zone. 

No detailed information as to the controlling factors of Phytonomus posticus 
and Porthetria dispar L. in the different parts of their European habitat is as 
yet available. The distribution of many of the parasites of Phytonomus seems 
to be rather more general than is that of the Pyrausta parasites. It is, however, 
safe to say that while these insects, and more especially P. dispar, occur from 
time to time in destructive numbers, they are normally kept in subjection by 
complex groups of controlling factors whose composition differs considerably 
both qualitatively and quantitatively in different parts of the habitat. 


B. Interpretation of the Data. 


(a) Apparent inutility of the parasitic enemies. The data accumulated up 
to the present thus really seem to indicate that in the majority of the bio- 
climatic areas of Europe the population of the insects considered is normally 
kept below the point of serious injury to the plants infested by a large number 
of different combinations of controlling factors. That a condition of equilibrium 
should result from the continued interaction between an organism and its 
environment is of course to be expected; but what is remarkable is that this 
equilibrium, though apparently the resultant of different sets of factors 
operating at different intensities, should almost always correspond to a popu- 
lation below the point where serious damage is produced. Supposing that 
a certain factor F 1 is essential to such an equilibrium, one would expect that 
the absence of this factor, on a diminution in its intensity, would result in 
destructive abundance; that in a district in which F 1 is absent it should be 
replaced by another factor F 2 also acting at an intensity sufficient to keep the 
insect population below the point of damage seems very remarkable; and that 
such an exactly calculated assemblage of different factors should occur at a 
large number of different points appears on the face of it extremely unlikely. 

One is led by this chain of reasoning to suspect that the diversity of the 
complexes of controlling factors is more apparent than real and that many of 
these factors—as, for example, one or more of the parasites—might disappear 
from the field of action without any material alteration resulting. Certain 
observations seem to confirm this view. We have found, for example, in the 
case of Pyrausta nubilalis that there is not necessarily any correlation between 
a high percentage of parasitism or the existence of a parasitic fauna rich in 
species and a low host population, or between low parasitism or the existence 
of a parasitic fauna poor in species and a high host population; and that though 
both the host population and the apparent mortality caused by parasites vary 
from year to year in any given region, it is very difficult to demonstrate any 
connection between the two series of events. For example, in the winter of 
1920-1 the parasitism of the hibernating larvae by Eulimneria crassifemur 
Thoms., Zenillia roseanae B.B. and Masicera senilis M. in South-western 
France, was about 15 per cent. In the winter of 1921-2 the parasitism by 
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these three species taken together fell to about 3 per cent. Thus, in the genera- 
tion of 1921-2, out of every hundred larvae twelve more escaped death by 
parasitic attack than in the generation of 1920-1. Other things being equal, 
this appeared to mean six more females surviving to reproduce and, conse- 
quently, six times as many eggs and larvae as in the preceding year. A con- 
siderable increase in population was therefore expected; but as a matter of fact 
no noticeable change occurred. 

These facts certainly appear at first sight to tell very strongly against the 
idea that parasites in continental areas are important factors in the natural 
control of insect pests. In order to arrive at what the writer believes to be the 
solution of the difficulty it is best to study a hypothetical case. 


(b) The Solution of this Difficulty. 


1. Equation of factors acting in a sequence. Let us suppose that we have an 
insect population of one hundred larvae per unit area and that the adult fe- 
male of the species considered deposits one hundred eggs, giving fifty males and 
fifty females. In that case a destruction of 98 per cent. of the larvae per genera- 
tion, so as to leave one female and one male would correspond to a position of 
equilibrium, or in other words to a population constant from generation to 
generation. Let us suppose that the 98 per cent. destruction of the population 
is accomplished by a series of parasitic and other factors acting successively, 
the proportional destruction of the population actually present in each of these 
successive stages being a, b, c, d,...ete. A collection of eggs made at the 
beginning of the life-cycle will then show that the fraction a is destroyed by the 
first factor; a collection of eggs and larvae made from the population remaining 
after the first factor had operated (including, of course, none of the individuals 
killed by this factor) will show that the fraction 6 is destroyed by the second 
factor; a collection made after this factor had taken effect and including no 
individuals killed by it would show the fraction ¢ in process of destruction by 
the third factor, and sb on. The total fraction of the population present at the 
beginning of the life cycle, destroyed by all the factors taken together can then be 
represented by the equation 
to z terms, when there are xz factors involved. 

2. Comparison between real and apparent mortality produced by controlling 
factors. If we represent by the symbols A, B, C and D the fractions of the 
total initial population destroyed by each of the factors, F 1, F 2, F 3, F 4, etc., 
considered, the value of A, B, C and D will of course be as follows 

A=@e 

B=(1—a)b 

D= (1 


Calling A, B, C, D, etc., the real destruction and a, b, c, d, etc., the apparent 
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destruction, the difference between the two will be evident from the following 
table: 

Factor App. destr. Real destr. 
Fil a a 
F2 (1 - a)b 
F3 c (l- a)(1- b)c 
F4 d 


Taking a numerical example, suppose that the four, factors considered 
destroy each 10 per cent. = 0-1 of the population present at the time of their 
action. The real fractions of the total population destroyed by each of them 


will be 
Fil 0-1 or 10-0% 
F2 0-09 
F3 0-081 or 81% 
F4 0-0729 or 7:29% 


Total 0-3439 or 34-39% 


If 50 per cent. of the available population were destroyed by each of these 
factors we should have as the real destruction 


Fil 0-5 or 50-:0% 
F2 0-25 or 25:0% 
F3 0-125 or 12-5% 
F4 0-0625 or 6-25% 


Total 0-9375 or 93-75% 


The difference between apparent and real destructions effected by a given 
factor may thus be enormous; a fact of prime importance which W. F. Fiske 
was the first to perceive. 

The importance of this point depends on the fact that the mortality pro- 
duced by the controlling factors as determined by the working entomologist 
is practically always the apparent mortality, the only exception being in studies 
on the effect of egg parasites. ; 

To make clear the significance of this point, let us suppose that the ento- 
mologist finds 50 per cent. of the mature larvae of a Lepidopteron attacked by 
a certain species of parasite. If this parasite has been the first controlling 
factor operating, the percentage of parasitism will represent the real mortality 
it has caused in the host population. Suppose, however, that it has been pre- 
ceded by another factor destroying 30 per cent. of the Lepidopteron. The 
mortality caused by it will be then only 


(1 —-3) -5 = 0-35, 
or 35 per cent. of the total initial population, and if by two factors, one 
destroying 30 per cent. and the other 60 per cent., it will be only 
(1 — (1 — -6) -5 = -7 x -4 x -5 = -14 = 14-0 per cent. 
of the total initial population. 


Collections made during three successive generations under such con- 
ditions might thus give the same percentage parasitism by a given species 
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which would thus appear to be holding its own in the area studied, whereas in 
truth its population would have diminished from fifty per unit area in the 
first generation to fourteen per unit area in the third generation. 

On the other hand three collections in successive generations might give 
respectively, 70 per cent., 50 per cent. and 40 per cent. apparent parasitism 
by a given species operating after another factor had produced in the three 
generations considered, 85 per cent., 50 per cent. and 25 per cent. mortality 
respectively. The real mortality produced by the parasite in the three genera- 
tions would then be as follows: 


G 1 (1 — -85) -7 = -105 = 16-5 per cent., 
G2(1— -5)-5 = -250 = 25-0 per cent., 
G 3 (1 — +25) -4 = -300 = 30-0 per cent. 


In spite of the fall in the apparent destruction from 70 per cent. to 40 per 
cent. the population of the species would really have risen from 10-5 to 30 per 
unit area; other things being equal, its value as a controlling factor would have 
tripled, since it would now be causing the death of 30 per cent. of the total host 
population whereas in the first generation studied it had caused the death of 
only 10-5 per cent. 

Again, three collections might show respectively 40 per cent., 20 per cent. 
and 50 per cent. parasitism by a given species, though the latter remained con- 
stant in numbers and actually destroyed in each instance 20 per cent. of the 
initial host population, the variation in the apparent mortality being due to 
the fact that in the first and last generations studied, a preceding factor 
destroyed respectively 50 per cent. and 60 per cent. of the host population. 

It will now be sufficiently apparent that data of the type usually collected 
in parasitological work do not give an accurate idea of the numerical variation 
of a parasitic species in the field since they show neither the extent nor even the 
direction of the variation. To follow this variation it is necessary to determine 
the fraction of the total host population destroyed by the parasite in each generation. 

The real significance of a controlling factor depends, however, not merely upon 
the fraction of the total host population it actually destroys, but rather upon 
the fraction of the population for the destruction of which it is indispensable. 

3. Differences in action of general and individualised factors. Controlling 
factors may be divided into two classes: the first class includes those general 
factors whose destructive capacity is independent of the numerical value of the 
host population; the second class includes those individualised factors whose 
destructive capacity depends in some way on the numerical value of the host 
population. The mortality resulting from the action of meteorological causes 
and from the intrinsic fragility of the organism in certain stages of develop- 
ment is apparently about the same under given conditions whether the popu- 
lation is large or small. Thus. in rearing insects under laboratory conditions 
we find that whether the number handled is small or large—providing of 
course that assistance sufficient to deal with it adequately is available— 
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approximately the same proportion of adults is secured. The proportion of 
eggs failing to hatch and the death-rate in a given stage under given con- 
ditions remain practically constant, whatever be the population handled. 
These factors of control are of the first class. 

The parasites, on the contrary, are controlling factors of the second class. 
The number of hosts a female individual of a given parasitic species is capable 
of destroying is ordinarily determined by her reproductive capacity! which is 
a specific and constant character. The fraction of the host population which 
the individual parasite can destroy thus varies inversely as the numbers of hosts 
present. 

4. Effects of the disappearance of general and individualised factors from 
controlling complexes of various types. Now the complex of controlling factors 
operating in the case of an insect pest usually includes factors of both classes 
which may be considered for the purposes of this argument as acting suc- 
cessively. In order to understand the effect of the disappearance of factors 
of both types from a controlling complex, let us take a hypothetical case 
where control is the work of a series of six principal factors producing re- 
spectively apparent mortalities of a, b, c, d, e and f. 

The apparent and real mortality produced by these factors will then be as 
follows: 


Factor App. mortality Real mortality 
1 a a 
2 b (l-a)b 
3 c (1 - a)(1- 
4 d (l- a)(1- b)(l-ec)d 
5 e (1 - a)(1- b) (1 -c)(1l-d)e 
6 f (1 - a)(1- 6)(1- ¢)(1- d) (1 - e)f 


The total destruction produced by all taken together, as already stated, 
will be given by the equation: 
d+ 
(1—a)(1—6b)(1—e) (1—d)e+ (l—a) (1— 6) (1—e)f. 
Let us suppose, to begin with, that the factors F 1....F 6 are all inde- 
pendent or general factors, producing the same proportional destruction no 
matter what be the numerical value of the host population, other things being 
equal. In that case, which may be that of many insects with no parasitic or 
predaceous enemies, the effect of the disappearance of any factors can be 
determined by giving the apparent mortality of these factors a zero value in 
the formula. 
Suppose, for example, that 1, 3 and 5 disappear: the equation then becomes 


The effect produced by the disappearance of factors from a complex of 
this type is a minimum; since the apparent mortality remains constant, the 


1 For some parasites which feed on their hosts and thus also act as predators, this is not 
absolutely true: but it is sufficiently accurate for all practical purposes. 
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factors which disappear are to a large extent automatically replaced by those which 
follow them. 

Suppose for example that the apparent mortality by each of the factors 
1....6 is 20 per cent. or 0-2. The total destruction by all acting together 
will then be 


D = 0-2 + (1 — 0-2) 0-2 + (1 — 0-2)? 0-2 + (1 — 0-2)3 0-2 
(1 — 0-2)4 0-2 + (1 — 0-2)5 0-2 = 0-2 + 0-16 + 0-128 + 0-1024 
+ 0-08192 + 0-065536 = 0-737856 or 73-8 per cent. approx. 


The destruction effected when any 1, 2, 3, 4 and 5 of these factors have 
disappeared will be as follows: 


No. factors disappearnig 1 2 3 4 5 
Destruction per cent. 67-2 59-0 488 36-0 20-0. 


In other words, in such a complex an apparent fall of 20 per cent. in the 
apparent mortality might mean only about 7 per cent. fall in the real mortality ; 
and even a fall of 80 per cent. in the apparent mortality would mean only a 
36 per cent. fall in the real mortality. In cases of this sort one may thus have 
relatively large fluctuations in the apparent mortality by the controlling factors 
without any very noticeable change in the progress of events. 

Suppose now that the factors F 1... F 6 are all dependent or individualised 
factors, as would be the case with an insect in which the only causes of mortality 
between birth and reproduction were its predaceous and parasitic enemies. 
In such cases the actual number of hosts destroyed by a given factor remains 
constant (since it is determined by the number of parasites and predators 
present) and bears, of course, the same relation to the total population no 
matter whether other factors are operative or not. No matter how many factors 
disappear, the real mortality produced by those that are left therefore remains 
constant. The effect of the disappearance of factors can thus be determined by 
eliminating from our equation the expressions representing the real mortality 
produced by the absent factors. Supposing that F 2, F 4 and F 6 disappear, 
the total destruction produced by F 1, F 3 and F 5 will then be ! 
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The effect produced by the disappearance of factors from the controlling 
complex is here a maximum, since those which remain cannot replace the effect 
of those which have disappeared. 

Suppose, for example, that the real mortality from each of the factors 
1...6 is 10 per cent. The total destruction will then be 60 per cent. and for 
each factor that disappears this will fall by 10 per cent. 

A subsidiary effect of the disappearance of factors from this type of com- 
plex is to alter the apparent mortality produced by those that remain. 

Thus when F 1 disappears, the population on which F 2 operates will be 
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the total population; a collection will show the real mortality produced by 
this factor and we shall have 
AM = RM = (1—a)b. 

The population on which F 3 will operate will then be the fraction 
(1 — (1 — a) b) of the original out of which it will destroy (1 — a) (1 — 6)e. 
The apparent mortality produced by F 3 will therefore be 
(1—a)(1—b)e 

The population on which F 4 will operate will now be 

(1 — [(1 — a) b + (1 — a) (1 — 8) e)), 

of which it will destroy (1 — a) (1 — 6) (1 —)d. The apparent mortality it 
causes will thus be 


AM F4= 


AM F3= 


(l—a)(1—b)(l-—od 
{1 —[(l- a) 6+ (1 —a) (1 — 6) e}} 
and so on, the general formula for the apparent mortality in such cases being 


this being valid no matter how many preceding factors have disappeared or 
what these factors are. 

These cases are simple. What we have to deal with in Nature are however 
the cases in which we have the disappearance of factors of either or both types 
from a complex including both. 

Suppose that factors 1, 3 and 5 are of the dependent type, while 2, 4 and 
6 are of the independent type. 

If F 1 disappears, we shall then have F 2 operating on the total population, 
of which (since the apparent mortality of this type of factor remains constant) 
it will destroy 6; F 3 will then have to operate on the fraction (1 — b) of the 
population, of which it will destroy (1 — a) (1 — 6) ¢; F 4 will then come into 
operation. It will destroy a fraction d of the available population. This popu- 
lation, after the work of F 2 and F 3, will be 

1 — [b+ (1 —a) (1 — 
so that the real mortality from F 4 will now be 
d {1 — [b+ (1 — a) (1 — ch. 
F 5 will destroy, as before, (1 — a) (1 — 6) (1 — ec) (1 —d)e of the total 
population. After its action there will remain the fraction 
{1—[b+ (l—a)(1—b)e+ f1—[b+ (1 — a) (1 —b) d 
+ (1 — a) (1 — 6) (1 — e) (1 — d) ef}, 
of which F 6 will destroy the fraction f so that the real mortality produced 
by F 6 will be 
f{l—[b+ (1—b)e+ {1 + (1—D) + 
(1 — a) (1 — 6) (1 — ¢) (1 — d) e}} 
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the total mortality being now 
(1 4d) 
+{1—[b+ (1 — db) ef} d 
(1—ad)e}f. 
If F 1 and F 2 disappear, we shall have F 3 operating on the total popula- 
tion, of which it will destroy (1 — a) (1 — b)e. 
F 4 will then take [1 — (1 — a) (1 — b) e]d, 
F 5 will then take (1 — a) (1 - 6) (1 —e)(1—d)e, 
F 6 will then take [1 — [(1 — a) (1 — b)e+ {1-—(1l—a) (1—b) Gd 
+ (1— 
The total destruction will be the sum of these. 
If F 2, F 4 and F 6 disappear (an unlikely contingency) we should have the 


following results: 
F 1, F 3, F 4 would destroy together, 


of the total initial population. If F 1, F 3 and F 5 disappear (which would be 
comparable to the effect of transporting the host to a new country) the results 
would be as follows: 


F 2 would destroy 6 and leave (1 — 6), 
F 4 would destroy (1 — 6) d and leave {1 — [b + (1 — b) d}}, 
F 6 would destroy {1 — [b + (1 — b) d}te. 
The total destruction being 
D=([b+(1—6)d+{1—[b + (1 —b) dpe. 


The general method of treatment of the question being now sufficiently 
obvious it is unnecessary to proceed further with this aspect of the matter. 
We may however consider further, with the aid of numerical values, the last 
example given, since this is one with which we are particularly concerned. 

Let us suppose that we have an insect depositing 100 eggs for whose control 
a 98 per cent. parasitism is required and that it is brought about by a succes- 
sion of factors as follows: 


Apparent Real 
mortality mortality 
Stage Factor (%) (%) 
Eggs at deposition Sterility 5-0 5-0 
Eggs after deposition Egg parasites 10-0 9-5 
Young larvae Intrinsic factors 80-0 68-4 
Mature larvae Larval parasites 60-0 10-2 
Mature larvae Agricultural factors 30-0 2-05 
Pupae Pupal parasites 10-0 0-47 


Adults Meterological factors 54-86 2-30 
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In this series the factors F 1, F 3, F 5 and F 7 are general and independent 
factors, while F 2, F 4 and F 6 are individualised and dependent factors. 

Suppose now that factors F 2, F 4 and F 6 disappear. The total destruction 
produced by the remaining factors will then be given by the equation 

D=a+(l-—a)c+{l—[a+ (l—a)che 
+[1—{a+ (l—a)ce+ (1—[a+ (l—a)ec]) 
— 94-0 per cent. approximately. . 

Thus the absence of parasites causing a 10-0 per cent. apparent mortality 
in the egg stage, a 60-0 per cent. apparent mortality in the larval stage and a 
10-0 per cent. mortality in the pupal stage, 7.e., an 80 per cent. total apparent 
mortality, would have a much less disastrous effect than might be supposed. 
The total destruction would fall only 4-0 per cent. The absence of the parasites 
would allow the escape for reproduction of only two additional females per hundred. 
Since such an enormous fluctuation in the apparent mortality has so little effect, 
it is evident that slight fluctuations will ordinarily be of no importance. 

5. Conclusion of this Section. But in the native home of an insect, the 
fluctuation in the value of the controlling factors will ordinarily not be enor- 
mous. All of the parasites found living on an insect in a given zone do not 
indeed attack it in all parts of its range; but since the parasite and host live 
together in one environment they may, and usually do, live together in others. 
Though one of two given habitats may be favourable, the other unfavourable, 
to a given factor F 1 the converse may be true in regard to the factor F 2, so 
that in passing from one zone to another, a species escapes one cause of mor- 
tality only to have its numbers reduced by another. This is certainly the case 
with the parasitic fauna as we have already shown. The high mortality pro- 
duced by quite different parasitic species in different parts of the host’s range 
is sometimes surprising. However, this mortality is merely an apparent 
mortality. The actual number of individuals of the host which are destroyed, 
and consequently the number of parasites necessary to effect this destruction 
is not extremely large. Moreover, the majority of the parasites involved are 
species of more or less polyphagous habits of which there exists in nature a 
fairly large floating population from several sources ready to take advantage 
of the excess population of any one of several host species. 

These considerations constitute, it is hoped, the essential part of the ex- 
planation of the control of injurious species in continental areas and suffice to 
show that the existence in different parts of the native habitat of an insect, of 
controlling complexes of different composition, and of parasitic faunas com- 
posed of different species, does not constitute a decisive argument against the 
idea that the native parasites are important factors of control in continental 
areas, 

We must now consider the result of the transport of these species into other 
continental areas. 
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IV. EFFECTS FOLLOWING THE TRANSPORT OF CONTINENTAL SPECIES 
INTO NEW ConTINENTAL AREAS. 

When we examine the records dealing with the introduction and increase 
of such pests as the gipsy moth, the browntail moth, the alfalfa weevil or the 
European corn borer, we find that these insects usually escaped attention for 
a number of years, during which they were certainly present, were finally 
discovered to be breeding at a number of points over a fairly large area, and 
increased rapidly in numbers and destructiveness after this time. The European 
corn borer (Pyrausta nubilalis Hiibn.'), when discovered in 1917, already 
existed over an area of about a hundred square miles north of Boston, Mass. 
In 1919 a widespread infestation was discovered in New York State in the 
region surrounding Schenectady and portions of the Mohawk and Hudson 
River Valleys, together with adjacent territory. In the same year an extensive 
infestation was found in the region south of Lake Erie. At the end of 1924 the 
insect had already infested 5661 square miles in New England, 2882 square 
miles in Eastern New York, a total of 16,230 square miles in the Lake Erie 
section and about 18,000 square miles in Southern Ontario, the total infested 
area in the United States and Canada being thus 42,773 square miles. By the 
end of 1926 it had greatly increased its range and has since continued to 
spread rapidly. 

The alfalfa weevil was first reported in Utah in the Western United States 
in 1907?, in the region east and south-east of Salt Lake City. During the next 
three years, according to Titus* it spread rapidly over the adjoining 
alfalfa regions. By the end of 1912 it had extended its range in Utah and had 
also invaded Idaho and Wyoming. By 1926 it had spread to California, 
Washington, Montana and Nevada. 

These general characteristics of the invasion of imported pests are exactly 
what might be expected of an organism which is represented at first by only a 
few individuals but which, having escaped from control, is increasing in geo- 
metrical progression and spreading as it increases. In Fig. 5 is shown the curve 
of increase for the hypothetical case previously considered where the escape 
of the insect from its parasites results in a threefold increase per generation. 

The first part of the curve rises slowly, the latter part more and more 
steeply. A rapid increase in population will not begin until the insect has been 
established for several years. It must be remembered also that if the insect 
considered is endowed with good powers of flight it will spread as it increases. 
This diffusion will have the effect of flattening still more the initial part of 
the population curve so that the rapid increase in numbers per unit area will 
not begin until the pest is distributed over a large area. 

The increase and spread of the introduced pest constitutes a conclusive de- 
monstration of its escape from control. 


1 Caffrey, D. J. and Worthley, L. H. (1927). U.S. Dept. Agr. Bull. No. 1476. 
2 According to Cook (J. Agr. Res. p. 479, 1925), in 1904. 
3 (1913). Utah Agr. Coll. Exp. Sta., Circular No, 10. 
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Fig. 5. Curve of the rise in population where the species increases threefold per generation. 


V. PosstsLE AND PROBABLE CAUSES OF THE INCREASE AND SPREAD 
OF INTRODUCED SPECIES. 


The rupture of the natural equilibrium may be due to either intrinsic or 
extrinsic causes. The pest increases either because its specific or potential rate 
of reproduction has risen or because its effective rate of reproduction has risen. 

A rise in the specific or potential rate of reproduction—.e. in the numbers 
of eggs the female is capable of producing—might be due either to a mutation 
arising under the influence of the new climate, or to some physiological stimulus 
from the same source acting upon the individuals of the ordinary race. A rise 
in the effective reproductive rate (the specific rate remaining unchanged) 
could only be due to the absence or diminution ‘in the intensity of certain 
causes of mortality. The causes actually involved might however be of either 
the parasitic or the non-parasitic order, such as agricultural methods or 
meteorological influences or intrinsic factors. 

That a diminution in the intensity of causes of mortality of the non- 
parasitic order may be at times responsible for the increase and spread of 
introduced pests, is quite conceivable. It is possible, for example, that in the 
native home of these pests certain agricultural procedures or methods of 
forest management which are effective against them, have been unconsciously 
developed during the course of many generations. Such differences as have 
been observed between the factors of the non-parasitic order acting in the 
country of origin and in the new home, seem, however, in general, insufficient 
to account for the destruction which follows their invasion. Moreover, as the 
increase in destruction is common to many species of different habits and 
systematic position the decline in mortality probably concerns some factor 
common to all. The only factor present in the native home and absent in the 
new in the case of practically all the introduced species is the parasitic factor. 
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The probability, therefore, is that the absence of parasitic or predaceous enemies 
is the real cause of the increase of the imported species. 

It is true, that since the faunas of Europe and America are very similar 
; and include many similar parasitic species of polyphagous habit, the transfer 
a of a pest from one of these continents to another might conceivably be followed 
by the formation about the introduced species of a parasitic fauna just as 
efficient as that of the native home. It may be that this actually does occur in 
the case of certain imported insects which are then either exterminated as — 
soon as they arrive or kept so severely under control that they are never dis- 
covered. But that it does not occur with the majority of introduced species 
whose history is known, is certain. 

Thus the gipsy moth is attacked in Europe by over a score of efficient 
parasites as well as by the devastating wilt disease. It brought with it to 
America only the disease. In America it is occasionally attacked by a con- 
siderable variety of parasites, but according to Howard and Fiske’, “the 
aggregate effectiveness of all the species together is wholly insignificant.” 
In 1910 only forty-one specimens of these parasites were secured from a col- 
lection of over 20,000 caterpillars made in many parts of the infested territory. 
The browntail moth, also highly parasitised in Europe, was somewhat more 
heavily attacked, but even with three species the total parasitism by native 
parasites did not exceed 4 per cent. of the available larval population. The 
alfalfa weevil is attacked in Europe in almost every stage of development by 
a large and varied parasitic fauna but has in America no parasites of any 
We consequence. The European earwig is attacked by two Tachinids in its native 
7 home but has no parasites in America. The elm-leaf beetle (Galerucella luteola) 
is partially controlled in Europe by an egg parasite and two Dipterous para- 
sites of the larvae, of which one often destroys a high percentage of the 
available population; no parasites seem to have been recorded from the species 
since its arrival in America. 

We are therefore obliged to conclude that the polyphagy of the parasitic 
species in these two continental areas is really a limited polyphagy. That they 
will eventually produce races or mutations which will prey upon new arrivals 
into their environment certainly seems probable, upon general grounds. 
However, as no such adaptation of the native parasites to the introduced host 
has yet occurred in the cases mentioned, even in that of the gipsy moth, which 
has been present in the United States for over sixty years, the possibility is 
of little practical interest. 

The idea that a host list of several different species indicates the ability to 
attack and develop in an almost indefinite number of hosts, is a philosophical 
fallacy of a type found only too frequently in biological literature. This fallacy 
consists in the substitution of the abstract content of a general definition for 
the concrete reality existing in Nature. By considering the physiological and 
morphological characters common to all the hosts of a species of limited poly- 


1 (1911). U.S. Dept. Agric. Bur. Ent., Bull. No. 91. 
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phagous habit, we can frame a definition of the “typical host,” as anatomists 
frame definitions of ‘morphological types.” The elimination of specific 
characters, which occurs in the process of abstraction, will result in the framing 
of a definition so general in form that it will include many other species. It is, 
however, a mistake to imagine that all species covered by such a definition will 
be attacked by the parasite considered. The object of perception and choice is 
not the abstraction represented by the definition, but the concrete individual 
with its specific characteristics. Without going more deeply into this question, 
which has been treated elsewhere!, we may therefore conclude that a parasite 
may be perfectly capable of attacking and developing in several different hosts 
and unable to extend its attack to others. 

Thus, even in the case of continental areas, the transfer of species from 
the continent of origin to a new one may mean the escape of the species 
from its parasitic enemies, whose absence will allow the pest to increase to 
destructive numbers. 


VI. Metruops FoR THE RE-ESTABLISHMENT OF THE NATURAL EQUILIBRIUM. 


The absence of the controlling factor can, of course, be remedied either by 
the introduction of the natural enemies or by measures of artificial control or 
by both methods—for it has been shown elsewhere that the employment 
against the host of artificial methods of control does not necessarily interfere 
seriously with the progress of introduced parasites”. 

In order to obtain an idea of the effort necessary to control the host arti- 
ficially in the absence of the parasites we may take the example given above, 
where the absence of a group of parasites destroying 10 per cent. of the 
available eggs, 60 per cent. of the available larvae and 10 per cent. of the 
available chrysalids allowed a threefold increase of the host. The destruction 
of larvae by the factor F 5 (agricultural factors) would have to rise in this case 
to 76-7 per cent. of the available population in order to offset the effect pro- 
duced by the absence of parasites. In other words, the artificial measures of 
control would have to be more than twice as thorough as in the native home 
and would consequently be a good deal more expensive. The introduction of 
parasites will of course give no relief until their numbers have increased to the 
point where they exterminate a sufficient fraction of the available population 
to produce control, and during the interval artificial methods must necessarily 
be employed. Nevertheless, if from among the parasites existing in the native 
home a parasite fauna can be obtained which is capable of existing in the new 
country and increasing there to the point necessary to produce control, in 
connection with the factors already operative, the cost of introduction will be 
amply repaid by the reduction in the cost of production over the infested area, 
during the first few years after the parasites have become effective. 


* Thompson, W. R. and Parker, H. L. (1927). The problem of Host Relations, with special 
reference to entomophagous parasites. Parasitology, 19, 1. 
* (1927). Bull. Ent. Res. London, 18. 
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VII. PracticaL REesutts or PARASITE INTRODUCTION 
IN CoNTINENTAL AREAS. 


We have endeavoured to show, in what has preceded, that the parasites 
of insects inhabiting continental areas play a real part in the natural control 
of their hosts and that the increase and spread of the latter when transported 
to new areas is due to their escape from these parasitic and predaceous enemies, _ 
which are not replaced by any effective agencies of this type in the new en- 
vironment. There is thus a good prima facie case for the introduction of para- 
sites in continental areas. 

It must be admitted that if we except such special cases as that of Novius 
cardinalis no absolutely conclusive experimental evidence for the views de- 
fended in this paper is as yet available. Neither the gipsy moth, the brown- 
tail moth, the alfalfa weevil nor the European corn borer are as yet con- 
trolled by natural factors with the possible exception of the second species 
mentioned, whose decline cannot however be positively attributed to parasitic 
agencies. 

The results available show definitely, however, that of the parasites as- 
sociated with the introduced insect in the country of origin, a considerable 
number can develop successfully upon it in its new home; and that these 
species not only maintain themselves but increase rapidly in numbers at the 
expense of the host. According to A. F. Burgess! by 1914 sixteen species of 
parasites attacking the gipsy and browntail moths had become established. 
No detailed and accurate data as to the present status of all these species is 
as yet available. The introduced egg parasites of the gipsy moth (Anastatus 
bifasciatus Fonsc. and Schedius Kuvanae How.) first colonised in 1909 and 
1910, destroyed 0-64 per cent. of the eggs of the host in 1912-13, but by the 
season of 1921-22 the parasitism had risen to 27-99 per cent. In the years 
following it fell somewhat, oscillating around 21 per cent. The Braconid 
parasite of the larvae Apanteles melanoscelus Ratz. introduced in 1911 had 
increased by 1922 to the point where it destroyed about 10-15 per cent. of the 
caterpillars, while each of the Tachinids Sturmia scutellata R.D. and Campsi- 
lura concinnata Mg. apparently accounted at this time for about the same 
percentage of the larvae. The important predaceous beetle, Calosoma syco- 
phanta, devours a considerable proportion of the larvae. The apparent mor- 
tality due to the imported parasites and predators is probably at the present 
time well over 60 per cent. 

Of the parasites of the alfalfa weevil which have been introduced?, two have 
become established. One of these, Aenoplegimorpha micator Grav., is apparently 
of little importance; but the other, the Ichneumonid, Bathyplectes curculionis 
Thoms. introduced in 1911, multiplied so rapidly that by 1914 it had overtaken 
the weevil which started to spread from the same point about seven to ten 
years earlier, and destroyed over 90 per cent. of the weevil larvae in the 


1 (1926). J. Econ. Ent. 19. 
2 T. R. Chamberlin (1927). J. Econ. Ent. 19. 
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infested sections. Bathyplectes curculionis alone is apparently incapable of con- 
trolling the weevil, at least in the territories to which the latter has spread up 
to the present. It is, however, more effective in America than in Europe, and, 
if this should prove true of other species now being introduced, the natural 
control of Phytonomus posticus might be realised by parasitic agencies alone. 

The introduction of the parasites of Pyrausta nubilalis Hiibn. has been in 
progress since 1920. None of the imported parasites is yet sufficiently numerous 
to be a serious factor in the control of the host. However, of the twelve 
species introduced, five have become established and of these two have already 
been recorded in considerable numbers. 

In California according to H. 8. Smith!, the cottony cushion scale is kept 
under control by the ladybird Vedalia, and the citrophilus mealy-bug by the 
ladybird Cryptolaemus montrouzieri. 


VIII. Conctuston. 


We may therefore conclude that although few unqualified successes from 
parasite introduction can yet be reported, the results thus far secured tend in 
general to support the theoretical arguments brought forward in this paper, in 
favour of the employment of the parasitic and predaceous enemies of intro- 
duced insects even in continental areas. 


IX. Summary. 


1. The most striking successes with the method of biological control by 
the introduction of the parasitic and predaceous enemies of foreign pests, 
appear to have been obtained mainly in island areas; some doubt exists con- 
cerning the utility of the method in continental areas. 

2. Three main objections may be raised to the use of the method of para- 
sitic introduction in continental areas. The first is based on the similarity 
between the faunas and floras of such continental areas as Europe and North 
America, the second on the polyphagous habit of many parasites, the third on 
the behaviour of hyperparasites in relation to introduced primaries. 

3. The studies made on the natural control of indigenous species in conti- 
nental areas show that control is effected by complexes of many factors 
differing both quantitatively and qualitatively in the different parts of the 
habitat. 

4. This fact appears at first sight to indicate the inutility of many of the 
factors involved, as, for example, the parasitic enemies. 

5. The answer to this difficulty is to be found principally in the fact that 
the quantitative and qualitative fluctuations in the composition of the con- 
trolling complexes are much less important than they appear. 

6. The effect of the disappearance of controlling factors of the two main 
types from controlling complexes of various kinds, is studied in detail in order 
to make this clear. 

1 (1927). J. Econ. Ent. 19. 
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7. The action of many factors is thus shown to be much less important 
than it appears at first sight. Nevertheless, this action is real and to a certain 
degree indispensable in a given environment. The disappearance of a factor 
from a system in equilibrium will thus permit the increase and spread of the 
host. 

8. The effects which follow the introduction of foreign pests in continental 
areas constitute a clear demonstration of their escape from control. 

9. The evidence indicates that the factor whose absence has permitted 
increase and spread is the parasitic factor. 

10. Equilibrium can be re-established in several ways. Mechanical methods 
must not be neglected and will normally interfere very little with the biological 
method; but it is to the latter method that we must turn for a hope of perma- 
nent and inexpensive control. 

11. The practical results obtained by parasite introduction in continental 
areas tend in general to support the ideas defended in this paper, and justify 
the introduction of the native parasites and predators of foreign pests even in 
the case of exchanges between continental areas. 


(MS. received for publication 7. 1. 1928.—Ep.) 


. 
>. 


113 


NOTE ON THE LOCOMOTION OF THE REDIA 
OF FASCIOLA HEPATICA\,. 


By W. REES WRIGHT, M.Sc., F.E.S., F.Z.S. 


Waist studying the development of Fasciola hepatica, I observed that the 
“collar” of the redia was rarely so prominent as it was figured and described 
by Thomas (1883). This observation, and a consideration of the mechanical 
requirements of the case, led me to suggest (1927) that Thomas was incorrect 
when he attributed to this structure the function of maintaining the circular 
section of the redia. 

Further observations on living rediae viewed in situ in the visceral mass, 
both in thin-shelled snails and in snails freshly removed from the shell, and on 
isolated specimens on the microscope slide, have shown that the true function 
of the collar has to do with locomotion, and it is now possible to describe the 
action both of the collar and of the procruscula (Rees Wright, op. cit = “ pos- 
terior processes” of Thomas, op. cit.). 

When the redia resumes movement after a period of quiescence, the longi- 
tudinal muscle fibres of the collar relax, and the structure becomes almost 
obliterated. The whole of the anterior end of the redia elongates and attenuates, 
forcing its way through the soft tissues of the visceral mass, a part of the tissues 
being eroded by the pharynx, and ingested. At the same time the posterior 
part of the redia becomes turgid and swollen, the procruscula becoming very 
prominent, and anchoring the organism in the “burrow” which it has made 
through the visceral mass; this turgescence, one must assume, is due to a dis- 
placement of fluid from the anterior part of the body. At maximum elongation 
the longitudinal muscle fibres of the collar contract and it becomes prominent, 
anchoring the redia by its anterior end, which becomes enlarged ; the posterior 
end becomes attenuated (the procruscula becoming much less prominent) and 
is drawn forward by a shortening of the whole body. This cycle of movements 
is repeated until the redia again becomes quiescent. 

The action and function of the transverse muscle fibres, and (excepting 
those of the collar) of the longitudinal fibres, has not been observed, but may 
be assumed with some degree of certainty from the phenomena of locomotion. 
It is suggested, then, that the transverse (or more accurately circumferential) 
fibres bring about, by their contraction, a narrowing of the lumen of the redia, 

1 Work carried out under a Special Research Grant from H.M. Ministry of Agriculture and 
Fisheries at the Department of Agriculture, University College, Bangor. 
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and so cause a transference of fluid content away from the region of contrac- 
tion; this transference of fluid would expand those regions where there was no 
opposing circumferential contraction, and would elongate those in which there 
was such a contraction but where the longitudinal fibres offered no resistance 
to longitudinal expansion. The longitudinal fibres, if this view be correct, serve 
mainly to draw forward the posterior end of the body. 


REFERENCES. 


Tuomas, A. P. (1883). The Life-History of the Liver-Fluke, Fasciola hepatica. Quart. J. 
Microsc. Sci. n.s. 23, 99-133. 

Wriacut, W. Rees (1927). Studies on Larval Trematodes from North Wales, Part I. 
Observations on the Redia, Cercaria and Cyst of Fasciola hepatica. Ann. Trop. Med. 
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A NOTE ON SOME EXTERNAL CHARACTERS 
OF LARVAE OF XENOPSYLLA CHEOPIS. 


By J. R. HENDERSON, M.B., Cu.B., D.T.M. & H. 
From the Department of Zoology, University of Edinburgh. 


(With 4 Text-figures.) 


LarvaE of Xenopsylla cheopis, which had been preserved at various dates from 
the first to seventeenth day after hatching, were placed at my disposal by 
Professor J. H. Ashworth’. They were mounted for examination in excavated 
slides in carbol alcohol. 

The observations of Bacot and Ridewood? on the changes in the general 
form of the larva during growth were confirmed. The newly hatched larva is of 
fairly uniform diameter but in the older ones the fore and hind ends become 
more tapered, the eighth abdominal segment usually being the widest. The 
head of the larva becomes relatively smaller as growth proceeds. The egg- 
breaker was present in the specimens preserved up to the third day but absent 
in later ones, indicating that the first moult took place in these specimens 
between the third and fourth day. The following account relates to larvae 
preserved thirteen to seventeen days after hatching except where otherwise 
stated. 

The Head. The base of the antenna is inserted on a flattened dome-shaped 
structure (Fig. 1 D.), on the ventral and posterior margin of which are five 
blunt processes, three of which are larger than the other two. The proximal 
part of each.of the processes is more strongly chitinised. In all the specimens 
examined there were only two small processes. Bacot and Ridewood mention 
(p. 164) that in the flea larvae examined by them there was, around the pos- 
terior half of the dome, “‘a series of three soft blunt processes, apparently of a 
sensory function, alternating with three, rarely two, smaller hemispherical pro- 
cesses.” The antenna is thicker in its proximal two-thirds than in its distal 
third, and some evidence of a joint suggests that the antenna consists of two 
segments and not of one only as is usually held. In the distal portion of the 
antenna are two pits (Fig. 1 P.). Between them is a process the basal part of 
which is more strongly chitinised. At the extremity of the antenna is a stiff 
hair and around its base are four short, pointed processes, three of which are 
represented in Fig. 1. 

1 The larvae were sent to Prof. Ashworth in 1909 from the Parel Laboratory, Bombay, by the 
late Surgeon-General W. B. Bannerman, I.M.S. 


* Bacot, A. W. and W. G. Ridewood (1914). Observations on the Larvae of Fleas. Parasitology, 
7, 157-175. 
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I have nothing to add to the description of the mouth-parts given by Bacot 
and Ridewood. 

Thorax and Abdomen. In well-grown larvae there are two rows of hairs— 
an anterior row of small ones and a posterior row of larger ones—on each of 
the thoracic and first nine abdominal segments. In newly hatched larvae the 
anterior row of small hairs cannot be seen in any of the thoracic segments, but 
they are clearly present after the first moult. 


Fig. 1. Lateral view of the antenna and of the flattened dome (D.) on which it is inserted. P., pit. 
x 750. 


\ 
Fig. 2, Lateral view of the three thoracic segments (7',, 7, 7';) and the first abdominal segment 
AB,), of a larva seventeen days old to show the position of the thoracic spiracle (S,) and 
of the first abdominal spiracle (S,). H., portion of head. x 100. 


Bacot and Ridewood state that the row of anterior hairs is disturbed in the 
first thoracic! and first eight abdominal segments by the presence of the spiracle. 
In the specimens I have examined this is not the case in the first thoracic seg- 
ment; the spiracle on this segment (Fig. 2, S,) is situated slightly posterior 
to the row of large hairs, and not anterior to this row as is the case in the first 
eight abdominal segments (S,). The position of the spiracle on the first 
thoracic segment suggests that it may be the spiracle of the second thoracic 
segment which has migrated forwards. 

The other external characters of the thorax, and the external characters of 
the first nine abdominal segments have been fully described by Bacot and 
Ridewood. 

In each of the first eight abdominal segments of the larvae I have examined, 
one of the hairs of the anterior row is in front of the others, so that this hair and 

1 There are no spiracles on the second and third thoracic segments of the larva. 
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that dorsal and ventral to it lie at the corners of a triangle. The spiracle is not 
situated in this triangular space, as might be inferred from Bacot and Ride- 
wood’s statement (p. 169) that it “has three of the finer or anterior hairs 
disposed around it,” but lies posterior to the most dorsal of these three hairs 
(Fig. 2, S,). 

The tenth abdominal is much smaller than the other abdominal segments. 
Its most prominent features are the anal comb and the mounds with the anal 


Fig. 3. Posterior view of the tenth abdominal segment and the anal segment (A.S.) of a larva 
thirteen days old. The anal comb (A.C.) in this larva has eleven hairs on the left side and ten 
on the right. The hairs of the mound (.) and three larger hairs of the tenth segment are also 
shown on the left side. A., anus; S7., anal strut. x 430. 


struts. In the larva of Xenopsylla cheopis, the anal comb consists of twenty- 
two fine, straight or slightly curved hairs, the insertions of which are on the 
semicircular postero-dorsal margin of the tenth abdominal segment (Fig. 3, 
A.C.). On each side of the comb, but at greater intervals than in the case of 
the hairs of the comb, are three thicker and longer hairs (Fig. 4). The mounds 
(Figs. 3 and 4, M.), which are situated on each side of, and ventral to the anus, 
bear two rows of fine hairs; there are eight or nine hairs in each row. The part 
of the mound bearing the hairs is more strongly chitinised than the rest. - 
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The anal struts (Fig. 4), which are slightly curved, arise from the lateral 
region of the mound. The dorsal part of each strut (Fig. 4, d.) is more strongly 
chitinised, and is continuous with the plate of chitin on which the hairs of the 
mound are situated. The dorsal surface of the distal region of the strut is still 
more strongly chitinised. 

The ventral part of the strut (Fig. 4, v.), which is lighter in colour, is de- 
marcated from the dorsal part and projects slightly beyond it. Proximally it 
is continuous with the lateral part of the base of the mound. 


\ 


Fig. 4. Lateral view of a portion of the tenth abdominal segment of a larva thirteen days old, 
showing three hairs of the anal comb (A.C.), three of the longer hairs situated more ventrally 
on the lateral surface of the segment, the mound (M.) and the anal strut (S7.); d., dorsal; 


v., ventral. x 430. 


The anus is situated on a separate raised area of chitin (A.S.) which is sunk 
into the tenth segment between the anal comb (A.C.) in front, and the two 
mounds (M.) behind and laterally. The appearances suggest that this area is 
a separate segment. The anal opening (A.) is near the centre of the area, on 
which minute hairs are present. 

I wish to acknowledge my indebtedness to Prof. Ashworth for so kindly 
placing the larvae in my hands for study, and for his invaluable help in the 
preparation of this note and of the drawings, and to Prof. W. 8. Patton for his 
guidance in the examination of the specimens. 


(MS. received for publication 18. 1. 1928.—Ed.) 
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ON THE INFLUENCE OF SPIROCHAETAL INFECTION 
ON ROUS-SARCOMA IN THE FOWL. 


By H. P. BAYON. 
Molteno Institute for Research in Parasitology, University of Cambridge. 


ATTEMPTS to cure general paralysis of the insane by infection with Spiro- 
chaeta duttoni have been made by Plaut and Steiner (1919), Miihlens and 
Kirschbaum (1921). Solomon, Berk, Theiler and Clay (1926) have reported 
upon the employment of Spirillum minus (Spirella morsus-muris) for the 
same purpose. The experiments referred to met with an encouraging measure 
of success; for the ultimate results have been comparable with those follow- 
ing therapeutic inoculation with malarial parasites. 

Brumpt (1927) mentions the therapeutic use of an infection with Spiro- 
chaeta crocidurae in a disease not specified. He suggests the name “ Pyreto- 
therapy,” for all those methods of treatment which are based on the beneficial 
action of a rise of temperature induced by the injection of various microbes. 

The results obtained by malaria treatment in cerebral metasyphilis! 
certainly justify the tentative application of similar methods to the allevia- 
tion of other intractable ailments. 

Dr Edmond Lardy of Geneva had drawn my attention, in 1904, to the 
astonishing retrogression of an epithelioma and its glandular metastasis 
after an accidental erysipelas infection. That malignant growths in general, 
but more specially sarcomas, will recede in the course of an infective disease, 
was well known even before Lardy’s report, which was published in 1910. 
Coley’s treatment (1927) of sarcoma, initiated in 1893, is the logical recog- 
nition of similar observations; the production of beneficial reactions being 
attempted by the injection of dead bacteria and their toxins. 

The published reports of ‘spontaneous cures” of neoplasms were care- 
fully collated by Rohdenburg (1918); several instances being recorded where 
an accidental attack of erysipelas was followed by the complete disap- 
pearance of a tumour. Rohdenburg concludes that: 

“The causes of recession as given by the various authors or as deter- 
mined by the history of the case, show an almost equal number following 
incomplete operation and heat. Whether this heat be the result of some 
general acute infection such as erysipelas, tuberculosis or pneumonia, or 
whether it be applied from external sources, has not been considered 
from the statistical standpoint.” 


1 This subject is dealt with by Wagner von Jauregg (1887, 1918-19), Ferraro and Fong 
(1927), and Rudolf (1927). 


; 
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Therefore, according to Rohdenburg, elevation of body temperature 
may be considered among the essential factors causing the retrogression 
of certain tumours. 

The ultimate results of incomplete surgical operations on malignant 
neoplasms in man must be in any case uncertain and are known to be often 
disastrous. 

In experimental animals (i.e. fowl, mouse and rat) it is also difficult to 
estimate the results of partial ablation of neoplasms. Excision may be 
followed by temporary or lasting retrogression or alternatively by enhanced 
activity, much depending upon the strain of tumour and breed of animal 
subjected to experiment. The malignancy of various experimental tumours 
differs within wide limits, in addition to being subject to individual 
fluctuations. 

These are some of the indications which guided me in undertaking the 
following investigations. Moreover, I had observed retarded development 
of fowl-sarcoma grafts due apparently to infection with fowl-pox. 


TUMOUR-STRAIN AND INFECTIVE PRoTIST EMPLOYED. 


After tentative experiments with different animals, strains of tumours 
and infective agents, the spirochaetal infection of fowls with inoculated 
Rous-sarcoma has been investigated during the last twelve months. 

This tumour was chosen because: 

(1) Certain strains of the Rous-fowl-sarcoma constitute the most virulent 
neoplasm that can be experimentally induced; for any fowl inoculated, dies 
inevitably of its tumour within four weeks. 

(2) The Rous-fowl-sarcoma No. 1 exhibits a remarkable degree of 
constancy in experimental transmission, which, if intact cells are employed, 
approximates to 100 per cent. 

(3) Spontaneous recession is extremely rare, much rarer than in any 
neoplasm of mammals, and passive and active immunisation effects are 
minimal (Rous, Robertson and Oliver, 1919). 

(4) These fowl-sarcomas approximate most closely in their histology 
and behaviour to a class of malignant tumours in man, especially those 
myxo-sarcomas which occur more often in children than adults. 

(5) The cause of this neoplasm in the domestic fowl is a proliferative 
“virus’’ which acts on cells of mesenchymal origin; this “‘virus”’ can be 
isolated by filtration and its activity gauged with relative accuracy. 

The Rous-sarcoma used in these experiments was obtained through 
the courtesy of Dr L. 8S. Baker of the Bland-Sutton Institute of Pathology, 
Middlesex Hospital. This strain of fowl tumour had originally been isolated 
by Dr Peyton Rous (1911) of the Rockefeller Institute, New York, but had 
undergone repeated experimental passages in London, in the course of many 
years; as a result its virulence increased, so that at present the neoplasm 
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can be regularly and easily transmitted by filtrates to most fowls and by 
inoculation of tissues to all the usual breeds of domestic fowl. 

All tumour inoculations were made with minute pieces of intact tissue 
which were inserted subcutaneously, in the pectoral region, in the manner 
usually employed with mouse-cancer. 

Infected Argas persicus were kindly sent to me by Professor Edmond 
Sergent, of the Institute Pasteur, Algiers; the bite of these ticks transmitted 
the strain of Spirochaeta anserina Sakharoff 1891 which was employed in 
my experiments. 


EXPERIMENTS AND THEIR RESULTS. 


1. The breed of fowl employed is mentioned in each instance because 
various breeds react differently both to inoculation with Rous-sarcoma and 
infection with Spirochaeta anserina. 

Rhode Island Reds and similar “heavy” breeds develop somewhat 
slower growing sarcomas and a more lasting form of spirochaetosis than the 
“light” breeds, of which the White Leghorn is an example. 

Age is also a factor to be considered; old fowls are more resistant both 
to Rous-sarcoma and spirochaetes. 

2. Intravenous injection with Sp. anserina usually kills light-breed 
fowls with acute spirochaetosis within a week or ten days; thus no thera- 
peutic effect can be observed though the tumour graft will not progress 
during the fever. It is only the chronic form of spirochaetosis which ap- 
parently can stop the growth of the sarcoma and eventually cure it. 

3. A two-year old Rhode Island Red fowl (No. 25 of Feb. 24th, 1927) 
which had been twice unsuccessfully operated upon for sarcoma of the 
pectoral region, on being bitten by infected Argas persicus, developed spiro- 
chaetosis and the second recurrences of its neoplasm were readsorbed in the 
course of three months. 

The scar tissue at the site of the atrophied tumour was partially excised 
during life and tested on five White Leghorn fowls and found to contain 
no active “‘fowl-sarcoma-virus.”’ Microscopically it consisted of compact, 
quiescent connective tissue. 

On autopsy two separate nodules were detected in the liver. One was 
found to consist of cells of reactive origin, surrounded by a capsule of firm 
connective tissue; this lesion was shown by inoculation into two other fowls 
to contain no active “fowl-sarcoma-virus.”’ The other nodule consisted of a 
small area of scar-like connective tissue of recent formation. The micro- 
scopical appearance of the sections from both lesions suggested that these 
reactive conditions might be the result of tumour metastasis in course of 
advanced resorption. 

4. Five young White Leghorn fowls were inoculated with Rous-sarcoma 
and Sp. anserina in various ways and at different intervals. In three the 
progress of the neoplasm was arrested (confirmed macro- and microscopically) 
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during the time spirochaetosis was active, but early death, through spiro- 

chaetosis, interrupted the experiment. 

The other two deserve to be separately mentioned. One showed no 
recurrence after excision of the neoplasm on the tenth day, therefore was 
cured by late operation, aided by spirochaetosis. The second fowl (No. 100) 
was also operated upon on the tenth day after inoculation, but the sarcoma 
recurred within a week and was then inoperable owing to its size and diffuse 
adhesions. Nevertheless, following a late spirochaetal infection, the big 
tumour was resorbed, so that eventually only small myxoid nodules were 
detectable; these contained no “fowl-sarcoma-virus.” 

This fowl and No. 25 can be considered to have been completely cured 
of the sarcoma. 

5. Five controls (young White Leghorns) were inoculated with pieces 
of the same strain of Rous-sarcoma. Within twelve days the resulting 
tumours were completely excised together with surrounding tissues; this 
notwithstanding, massive and inoperable recurrences developed in the scars 
within a week of operation, and death resulted within four weeks of the 
tumour-inoculation. 
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